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PUSH BUTTON PANEL controls opera- 
tions rapidly, even at remote locations. 


FLAT VACUUM PLATEN assures positive 
hold down of roll or sheet paper up to 12%” 
width. Plot area, standard 10x15”. 





PRINTING FEATURES: Multiple symbol 
printing head—12 symbols...self contained 
ink supply. 

Pen System—capillary action; splatter-proof. 
Point joiner available. 


engineered for ease of operation...new 


INTERCHANGEABLE MODULES add ver- ) 
satility...interchange with basic control 
section. & 


point plotting or continuous trace 





Slimmer, flatter, push-button fast... Librascope’s 
newest, most advanced plotter is the result of per- 
sonally-conducted field research by Librascope 
engineers. Compact design permits rack 
mounting in groups, saves desk space. 
Many new conveniences have been added 

to answer your needs. 


OPERATING INFORMATION 


INPUT SENSITIVITY: .5 millivolts per inch 
~ 50 — per * with coflbrated push. 

: i | utton scales at .5, .1, 5, an milli- 
ae 1 ae ue volts per inch and.1,.5, 1,5 and 10 volts per 
' T: ; inch. Vernier controls permit continuous sen- 

NPUT: X and Y inputs sitivity adjustment between fixed scales, per- 
aeceehene each other and mitting full scale plotting for any sensitivity. 
a oe ROCURAEY: Static .1%, dynamic .2% at 10” 
VUE. per second. 
ne cr ong ge al PLOTTER CALIBRATION ACCURACY: 
volt on .5 millivolts per inch -05% on all scales. 
to .1 volts per inch scales. SLEWING SPEED: 20” per second. 





For full details — dimensions, applications, list of accessory equipment, call our Sales 
Engineering Department or send for illustrated brochure on Model 210, XY Plotter. 


For information on career opportunities at Librascope, write Glen Seltzer, Employment Manager. 


LIBRASCOPE division GENERAL PRECISION, INC. « 808 Western Ave., Glendale, 
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NEW BORG MICRODIALS ADD RICHNESS AND STYLE 
TO CONTROL PANELS AND INSTRUMENTS 


‘Now from Borg, originator of famous Microdials, comes mechanical features such as smoothness of action.; 
a fresh, new concept in turn-counting dial appearance absence of noise . . . fewer ambiguities in reading 
. .. Series 1360 Microdials. These new Borg Microdials setting assure accurate, reliable performance. Contoul 
were specially developed to add style and color to elec- brake arms lock settings in place, but do not interfé 
tronic control panels and equipment. Available in five with reading and setting. Catalog data sheet BED-Al 
smart models of red, gray and black color gives complete color combinations and specifid 
variations. Colors are inlays of colored plastic - tions. See your Borg technical representative 
. » » will never wear, scale or rub off. Quality distributor, or let us put him in touch with yt 
BORG. | 


BORG EQUIPMENT DIVISION 


Amphenol-Borg Electronics Corporation 
Janesville, Wisconsin 


Turns-Counting Microdials ° Sub-Fractional Horsepower Motors ° Frequency and Time 
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STOP WORRYING 


the API meter-relay offers fully reliable control 
—at low cost...thanks to the locking coil 


There was a time when engineers went to far more complicated 
devices for peace-of-mind control reliability. Now, with nerve- 
Saving dependability and money-saving simplicity, the API meter- 
relay does an even better control job. 


Reliability of the meter-relay (in fact, growth of this entire 


company) stems from one beautifully executed idea: the API 
locking coil. 


This unique locking coil gives “yes-no” decisiveness to the 
highly-sensitive D’Arsonval meter. Responding to any type or 
most any magnitude of input signal, the API meter-relay is able 
to provide firm control action . . . and do it at least 10 to 20 


M. Berns 
C. Lenz 
N.Y. 
TYL ; n 8-4010 
: L, Woods 
-Simpson & Woods D. Sturgeon 
Wacker Drive A. Boz 
ago 1, Dlinois D. Hascall 
tal 6-1715 
, his Sim owese L. Woods 
J ‘ 4 pson oods D. Hascall 
action .« _— Avenue 
eading alllheny 1-150 n° 
Contou COAST J. Galloway 
ot intel C. Galloway & Co. J. Harbison 
e Blvd. D. Barton 


BED-Aii 
d specific 
sentatives 
h with J 


Time Sta 


NICAL DE 





e 8-3223 





d monthly by Benwill Publishing Corpo- 
Harold G. Buchbinder, President; Milton 
George Palken, Robert B. Brotherston, 
Presidents, Executive, Editorial and Sub- 
Office 1857 Washington St., West New- 
85, Mass. Telephone Bigelow 4-9006. 
1960 by Benwill Publishing Corpora- 
as controlled circulation publica- 

at Orange, Conn. 


! send form 8579 to Benwill Publishing 
1857 Washington St., West Newton 







ED aT Tee Wu.son H. Lex Company, 
Bosron Post Roan, Onanoz, Connecticut 


Se 









million times. What other electrical device offering such sensitive 
discrimination can give this service? 


Your control, regulating, monitoring and, perhaps, cost prob- 


lems may be solved by the API meter-relay. 


It is certainly worth 


sending for our “HOW and WHY” booklet and catalog. Ask for 
Bulletins S-1 and 4-G. 
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A 1-WATT RESISTOR _-I! 
BECOMES A 









VOLTAGE STANDARD 






WHEN USED WITH 



























A °REGATRON PROGRAMMABLE POWER SUPPLY 


Take a 1-watt resistor. Place it across the 
programming terminals of a Regatron Pro- 
grammable Power Supply. Instantly you’ve 
fixed the output voltage to 1/1000 of the 
resistance value. For example, a 22.5K re- 
sistor will fix the output at 22.5V. For a per- 
fect repeat every time, use the same resistor. 
For other voltages use a different resistor. 
The output will always equal 1/1000 of the 
resistance value. 



































In addition, you'll find that Regatron TRANSISTOR TYPES 
Programmable Power Supplies have all the 
other advanced features you would expect ouput REGULATION MAXI. 
in a versatile laboratory instrument; super- re at ae 
regulation, vernier as well as main voltage got. 105-125 V aC ie. 2 
control, and more. Compare a Regatron eS SE ~ = ~ 
Programmable Power Supply with any ofher 
d << power source, batteries included. You'll 212A" 0—100 V DC 0—100 MA 0.15 0.05 0.1 0.05 Va 
find you won't settle for less. 2-212A' re ttty hy Fed BESS. DA's. OUTPUTS MAY BE USED IN SERIES, 
Regatron Programmable Power Supplies 224a' J0—100VDC J 0—200MA] 0.15 0.05 0.1 0.05 ’ 
are available in voltage ranges covering 0-50 220A | 0—SOV DC O—SOOMA | 0.1 0.05 0.1 0.05 1 
> en Vv de, 0-300 V —— rtd 221A +f 0—100 VOC 0—SOOMA | 0.) 0.05 0.1 0.05 1 
c. Current ratings are up to epending 2134 Jo—sovoc | o—1amP | 0. 0.05 0.1 0.05 1 
on model. Request Bulletins 350 and 765. 2144 J0O—100VDC | O—1AmP | 0.1 0.05 0.1 0.05 1 
* * 7 215A 0—50 V OC O—3 AMP 0.1 0.05 0.1 0.05 ! 
Se eat eae eee ee gta [o-toovee | osaur for [eas fer | om | 























1000 Vv and currents up to 1 ampere.) 1. Modulation input provided for measurement of transistor parameters by small signal method. 
@ REGISTERED U.S. PATENT OFFICE. PATENTS ISSUED AND PENDING, 
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BARDEN end-bell bearings 
boost miniature gyro performance — 
reduce assembly time and cost 








Z155, above and in main 
illustration, is one of several 
Barden Precision end-bell 
bearings currently in volume 
production. Bore sizes range 
from .0781” to .1250” for 
through-bored rotor rings 
from .5751” to .9375” LD. 
For complete technical in- 
formation, write for Engi- 
neering Data Sheet Z-1. 























Integral design simplifies manufacture, reduces mating-part errors 


Rotor bearings for miniature rate gyros in missile stabilizing systems must meet extremely 
high performance requirements, yet allow economical production and assembly. To solve 
this problem, Barden pioneered special configuration, high precision end-bell bearings. 


Pressed into opposite sides of the through-bored rim, these bearings become an integral 
part of the gyro spin mass while serving as end caps for the gyro wheel assembly. This 
eliminates delicate fitting of very small bearings into conventional end bells .. . reduces 
mating-part errors and assembly time...improves squareness, concentricity, and overall 
accuracy and reliability. 


One gyro manufacturer reports that the use of Barden Precision end-bell bearings in place 
of conventional flanged bearings reduced noise levels 50% and made it possible to meet 
unusually stringent life requirements. 





Like other Barden advances in design and production, end-bell bearings solve a specific 
performance problem. Other Barden Precision bearings satisfy such extreme demands as: 





e High temperatures (to 575°F) e Low torque (to 10 dyne-cm. for 2 Ib. load) 
e High speeds (to over 300,000 RPM) e Concentric rotation (to .00005” max. T.LR.) 


Barden is a major supplier of standard bearings in sizes from .0469” bore to over 3” O.D., 
all manufactured to Barden Precision standards of dimensional accuracy, uniformity and 
reliability. See Sweet’s Product Design File (8h/Ba) for Barden catalog and bearing 
selection guide. 





FS] tenusiy....ceory BARDEN Sg) PRECISION BALL BEARINGS 
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THE BARDEN CORPORATION, 206 Park Avenue, Danbury, Connecticut 
Western Office: 3850 Wilshire Boulevard, Los Angeles 5, California 
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MAGNETIC ENCODERS 


Faster, Reliable Shaft Angle-To-Digital Conversion 


Magnetic shaft position-to-digital en- 
coders offer substantial advantages 
over other types of encoders for 
many applications. They can be op- 
erated at higher speeds and have a po- 
tential life exceeding 20,000 hours. In- 
herently more rugged and _ reliable, 
their service life is limited only by 
bearing life. The noncontact magnetic 
technique _eliminates any need for 
mechanical adjustment of encoder 
elements during the entire operational 
life. Es« 

A new magnetic technique for shaft 
position-to-digital encoders, developed 
by Librascope Division, General Pre- 
cision, Inc., Burbank, Cal., generates 
digital signals representing input shaft 
position by altering the magnetic 
state of ferrite readout cores in ac- 
cordance with a coded pattern cut 
into the surface of a ferrite disc driven 











by the input shaft. 

The coded pattern, consisting of 
raised and depressed portions corre- 
sponding to the “zero” and “one” states 
of the binary bits, is ultrasonically 
machined on the surface of the ferrite 
disc. The readout cores and the ferrite 
disc are placed in close proximity 
within a section of a static magnetic 
field and the ferrite cores are excited 
by an alternating voltage source. As 
the ferrite disc rotates past the readout 
cores, magnetic induction of the cores 
is altered in accordance with the 
coded pattern, resulting in an imped- 
ance change of the core with respect 
to the other elements in the excitation 
circuit and a bivalued voltage across 
the core. 

The toroidal ferrite cores are ap- 
proximately 0.100 inch in outside di- 
ameter and 0.070 inch in inside di- 
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Fig. 2 The coded pattern on the 
face of the ferrite dise is produced 
ultrasonic machining. Concentric tr 
of raised and depressed portions cor 
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pond to the binary bits used inj 


digital representation of the shaft 
tion. In a 7-bit encoder which can 
solve a shaft revolution to one part 
128, seven concentric tracks are 
quired. Depressed portions of the 
tern correspond to the binary 
and raised portions correspond to 
binary “zero”. 
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Fig. 1 Basic operating principles of the Librascope 
magnetic encoder technique are shown in this illustra- 
tion. The ferrite readout cores and the ferrite code disc 
occupy the air gap between the ends of the magnetic 
housing. The field is generated by a field coil fixed to 
one end of the magnetic housing. Total flux density 
within the readout core results from the flux generated 
by its own excitation current and the flux of the core- 
encompassing magnetic circuit. Polarities of the two 
fields are arranged so that action of the fixed field 
magneto-motive force is to oppose the core’s excitation 
field’s magneto-motive force. When a depressed por- 
tion of the code disc track, corresponding to a binary 









“one”, shares the air gap with the core, the fixed fiell 
flux density is decreased because of the increase in maf 
netic circuit reluctance. This results in an increased maf 
netic induction in the core and an increased impedant® 
Voltage drop across the core is increased so that the out 
put voltage is high corresponding to a binary “one” 
Conversely, when a raised portion of the code dist 
shares the air gap with the core, the fixed field fw 
density is increased because of the decrease in magnetit 
circuit reluctance. The resultant magnetic induction i 
the core is decreased and the core impedance de 

Voltage drop across the core is decreased so that tht 
output voltage is low corresponding to a binary “zero”: 
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fig. 3 Incorporated in Navy fire con- 
trol systems, Librascope’s magnetic en- 
coders have operated successfully for 


7 over 20 million revolutions, at 1000 


rpm. 


ameter. Driving current and number 
of turns of the winding are fixed at 
values required to drive the core to 
magnetic saturation just before the 
completion of each half cycle of the 
driving signal, assuring maximum re- 
liability of core switching. The driving 
circuit consists of the alternating cur- 
rent source, a fixed resistor, and the 
core, 

Librascope has applied this mag- 
netic technique successfully to 17-bit, 
13-bit, 17-bit, and 19-bit encoders. 
Input shaft speeds as high as 10,000 
pm can be accommodated by the 
T-bit encoder. Speeds of 3,000 rpm 
are possible with the higher capacity 
units. Additional sizes and capacities 
are planned for introduction later. 

The magnetic encoders can be sup- 
plied with a wide range of digital 
codes including true binary, Gray, and 
binary coded decimal. The Libra- 
scope-developed V-scan technique is 
wed to prevent ambiguity of readout 
when binary codes are used. 

_ Excellent one-zero voltage ratios 
inherent in the new technique permit 
we of a wide variety of reliable read- 
out circuits, Magnetic encoders may 
used singly or in multiplexed 
combinations, and readout may be 
M serial or parallel form. Up to 20 
encoders may be linked by a single- 
amess transmission system and ex- 
tited by a single a-c source. Sequential 
% random interrogation by a single 
A of decoding circuits is thus pos- 
e. 
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Fig. 1 Rese Engineering’s Millimicrosecond Current Pulse Generator. 


MILLIMICROSECOND PULSE GENERATOR 


4 Amp Jitter-Free Pulses For High Speed Magnetic Studies 


High amplitude, ultra-short current or 
voltage pulses for analysis of high 
speed logic and memory problems and 
solid state switching are delivered by 
a Millimicrosecond Pulse Generator de- 
veloped by Rese Engineering, Phila- 
delphia, Pa. Producing jitter-free posi- 
tive or negative pulses at widths rang- 
ing from 10 to 100 millimicroseconds, 
the unit generates current amplitudes 
as high as 4 amps, particularly effec- 
tive for high speed ferrite core analysis 
and studies of multi-apertured ferrite 
devices. Rise time of less than 5 milli- 
microseconds at moderate currents 
makes the instrument especially suit- 
able for thin magnetic film develop- 
ment and basic magnetic switching re- 
search. 

Any one of the four fixed pulse 
widths, 10, 20, 50 or 100 millimicro- 
seconds, may be selected from a front 
panel control. The control connects 


one of four coaxial transmission lines 
to the plate of a thyratron, which, 
when triggered, discharges the line 
generating the fixed width pulse. 
Pulses of intermediate or longer widths 
may be generated by connecting an ex- 
ternal delay line to a front panel con- 
nector. Pulse repetition frequencies 
range from 50 to 5,000, continuously 
variable through two ranges. 

Unit operates either synchronously, 
using an internal clock, or asynchro- 
nously from an external trigger source. 
Effective multi-megacycle operation, in 
pulse bursts, can be achieved by trig- 
gering two or more generators from a 
multiple output, phased source. A 
syne pulse occurring 0.25 microseconds 
before the main pulse output and the 
brighter trace of the 5 ke waveform 
facilitates oscilloscope indication of the 
generated pulse and load response. 
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Fig. 2. Left waveform is a 100 usec negative 4 amp 
pulse and right is a 20 usec negative 4 amp pulse. 


















































COMPONENTS DESIGN 


Components Digest 13 “Miniature 
Magnetic Clutches and Brakes” in our 
March, 1960 Issue was based in part 
on answers to a questionnaire sent to 
manufacturers. In organizing the infor- 
mation, we found it advisable to limit 
the subject matter to units of the fric- 
tion disc type. One respondent, the 
Electromechanical Division of Lear, 
Inc., submitted answers that apply to 
dry magnetic-particle clutches. These 
answers are sufficiently informative to 
warrant their separate publication ex- 
actly as submitted in question and 
answer form. 


DRY MAGNETIC-PARTICLE CLUTCHES 


The following comments refer only to 
dry magnetic-particle clutches. Torque 
transmission is affected as a result of 
magnetic attraction acting across an 
annular air gap partially filled with dry 
magnetic particles. These clutches do 
not contain axially-moving parts. 


1. What are your principal performance 
problems? Heat generated mechanically 
due to clutch slip when overloaded. 
Residual drag when only one clutch is 
used as a disconnect and very low drag 
is desirable, or when a pair of clutches 
is used in an open-loop servo. 




















Type or Model 877 
Number 






















Type of Unit 
Diameter (inches) 1. 16 
Length (inches) 2.55 
Nature of engaging 

surfaces 


~ 
uo 


Electrical power for 
rated torque (watts) 


Rated torque (ounce- 12 
inches) 


Inertia (gm-cm?) “ 4.5x 10-6 
. 015 


w 


Speed of response 
(seconds) 


Zero excitation torque 3.2 
(ounce-inches) 


Life (please define 
conditions exactly) 


Ambient temperature 5] 121 


limits (°C) 

Military or industrial Both 
environments 

Performance limita- 6 5 watts 
tions 2000 RPM 

Special features dual 


clutch 





Unusual application 


1. D.C. watts are listed. 





Table of Characteristics 


878 890 891 892 


DRY MAGNETIC PARTICLE 


3. 16 1. 61 1. 68 1.16 
3. 9 2.0 3. 58 1. 92 
DRY MAGNETIC PARTICLE 


1 | | 1 
560 32 48 12 
2.37x10-4/ 9x 10-6 | 9x10-6 | 4.5x 10-6 
. 025 015 015 . 015 

2 3 3 1.5 


150 121 121 121 


Both Both Both Both 


75 watts 10 watts 10 watts 5 watts 
3400 RPM | 2500 RPM/| 2500RPM | 2000RPM 


dual 
clutch 














2. Inertia of output shaft is listed in Ib-in. sec?. 





2. 02 


128 


5.7 x 1075 
. 020 


3.2 


121 
Both 


15 watts 
2000 RPM 





909 


10 


13 


16, 000 


y | 
. 050 


320 


5000 hours at zero slippage (zero mechanical heat dissipation) 
1000 hours at maximum continuous dissipation 


121 


Both 


500 watts 
1000 RPM 


4.General values listed. Exact life is function of application. 


5. Upper limit shown. Clutches practically unaffected by lower limit. 
3. Values obtained from pentode source excitation. 6. Continuous mechanical heat dissipation at maximum recommended speed. 





917 


3. 06 
3.8 


1920 


8.5x 10-4 
. 040 








24 














121 





Both 
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60 watts |p TRANS 
1 500 RPM PHASE 


















Manufacturer - Lear, Incorporated, Electro-Mechanical Divisi# 
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GED RELIABILITY ALWAYS ON HAND 
with American Electronics Synchros 


You can depend on high performance and dependability at all times with the complete line of control synchros 
(transformer differential and transmitter), produced by the Instrument Division of American Electronics, Inc. Used 
as a family or independently in system applications, these units will operate over a temperature range of —55° to 
+125°C...and can be supplied to operate up to 200°C. 





Available in frame sizes from 8 to 25 these synchros meet and exceed the stringent standards of MIL-SPEC. 20708. 


| The key to proven reliability lies in the quality features engineered and manufactured into each unit. Greater sta- 
bility and corrosion resistance is accomplished by stainless steel housings. Encapsulated unit construction and her- 
metically sealed windings are used to withstand the extremes of vibration and shock. Through-bore construction means 
























































920 fewer parts and less space in. which damaging moisture may collect. 
SIZE 11 ELECTRICAL DATA 
5x 10-4 
11E22M-81G 11E22M-01F 11E22-81J5 
040 (Transformer) (Transmitter) (Differential) 
PRIMARY Stator Rotor Stator 
4 INPUT (VOLTS) 11.8 115 11.8 
TEST (VOLTS) 10.2 115 10.2 
FREQUENCY (CPS) 400 400 400 
Zero ROTOR IMPEDANCE 
| (STATOR OPEN CIRCUITED) (OHMS) 3340 /79° 2000 /80° 107 {78° 
21 Zso STATOR IMPEDANCE 
(ROTOR OPEN CIRCUITED) (OHMS) 570 /80° 18 /79.5° 92 /80° 
| MAX. NULL VOLTAGE (FUNDAMENTAL) (VOLTS) .030 015 .015 
oth (TOTAL) (VOLTS) .040 .020 .020 
MAXIMUM ERROR (MINUTES) 3 3 : 
0 watts TRANSFORMATION RATIO (R/S) +4% 2.203 103 1.154 
500 RPM | PHASE SHIFT (DEGREES) 5 6 6 FOR INFORMATION ON 
D.C. RESISTANCE (OHMS) SIZE 8 AND OTHER SIZES 
STATOR 60 3 11 WRITE FOR 
ROTOR 385 185 19.0 SPECIFICATIONS. 
For 
ecmlete AMERICAN ELECTRONICS, INC. 
the outstanding 
it. performance of 
14 spee.f the complete INSTRUMENT DIVISION 


line, write 
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P.O. Box 33M, Cincinnali 36, Ohio 
Ellis and Watts also design and build custom 





air conditioners, liquid coolers and heaters, 
dehumidifiers, wave guide dehumidifiers, laboratory 


temperature and humidity control units. 
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How do you go about solving them? 
Specific details on critical applications 
are requested, such as: time history of 
dutch loading, life required, and ambi- 
ent temperature. For severe applica- 
tions, special high-temperature materi- 
als are used in coil winding and potting 
compounds. For residual drag, the 
quantity of powder and the air gaps 
may be varied; seal drag has been re- 
duced to a practical minimum. When a 
pair of clutches is used in a servo, 
actuator drag may be equalized by car- 
tying a quiescent current; for rapid 
stopping where back-driving torque is 
not critical, a constant friction load may 
be applied to the output to overcome 
residual drag. For closed-loop servo 

tion this residual drag is not a 
significant factor. Residual drag gen- 
erally is about 3 ounce-inches. 


9. How do you define response time 
and what means do you employ for 
measuring it? Response time is defined 
as being that time it takes for the 
dutch to develop 63% of maximum 
torque when excited with a step input 
equivalent to maximum current excita- 
tion. Impedance of the input source 
also must be specified, since response 
time varies significantly with source 
impedance. Response time is indepen- 
dent of speed. Response time is meas- 
ured using an oscillograph recorder and 
a torque cell. The clutch is driven at a 
specified speed and excited from a spe- 
cified source, generally a pentode. Ex- 
citation current and torque cell output 
are recorded versus time. 


What does the clutch designer do to 
minimize response time? What can the 
user do? The clutch designer strives to 
achieve the highest possible torque-to- 
inertia ratio. This has been achieved in 
® the Lear dry magnetic particle clutch; 

typical value of torque-to-inertia ratio 
achieved is 200,000 rad/sec?. Final in- 
service results are achieved by close 
coordination between clutch designer 
and user. This coordination involves 
Source impedance, clutch impedance, 

el of quiescent current permissible 
and proper rating of the clutch for spe- 
tific load conditions. 


8. How do you solve problems related 
to the engaging faces? Such problems 
4s: type of finish, effects of wear, oxi- 

» traces of oil or other contamin- 
ants or surface, etc. These problems are 
Virtually eliminated for dry powder 
clutches as compared to friction types. 
inishes are compatible with good ma- 
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chining practices; and there is no prac- 
tical evidence of wear (clutches have 
been run 5,000 hours and have accum- 
ulated 50,000,000 cycles without evi- 
dence of wear). Patented processes 
for the powder have eliminated oxida- 
tion problems with it. External clutch 
surfaces have protective finishes. Parts 
are vapor decreased prior to assembly, 
and the powder cavity is sealed. Seals 
are provided to prevent entry of oils 
or other contaminents into the working 


gap. 


4. How do you define “life” very ac- 
curately in terms of test procedures, 
exact operating conditions, duty cycle, 
etc.P Life is defined in terms of duty 
cycle hours under specified load (in- 
cluding inertia) cycling, temperature, 
clutch excitation, altitude and humidi- 
ty. Life expectancy will vary with the 
many combinations of these factors. 


5. What are the principle limits to 
clutch reliability? Seals, bearings and 
brushes (where rotating coils are speci- 
fied). Multiple seals are used for long- 
life applications or for jobs requiring 
greater than average reliability. 


6. What are the principal environmen- 
tal problems and limits? What factors 
do you consider in design for maxi- 
mum performance in severe environ- 
ments? Principal environmental prob- 
lem is temperature, and state-of-the-art 
indicates designs are currently limited 
to ambient temperature of 450°F. Ra- 
diation is also a recognized problem, 
but clutches of this type have not been 
fully evaluated in this regard. Factors 
most significantly affecting performance 
in severe environments are load cycling 
and, specifically, amount of mechanical 
energy to be dissipated due to slippage. 


7. What new design advances do you 
anticipate in the future? Development 
of a line of clutches utilizing stationary 
coils intended primarily for industrial 
use. These clutches to be made in vari- 
ous sizes from 1 |b-in. to 500 HP. Ex- 
tension of ambient temperature limit 
for general application from 450°F to 
600°F. 


8. Have you found any new applica- 
tions for these clutches? Business ma- 
chines and data processing machines 
requiring an extremely large number of 
engagements and disengagements, also 
tensioning devices that require smooth 
chatter-free slip operation. 


9. What is the relative dollar volume 
for these clutches in the United States? 
Is the volume growing or diminishing? 
$1-2 million per year, growing. 

Circle No. 103 on Inquiry Card 





SPECIFICATIONS* 


0.650 
25 5.0 


*Rotary output, dry-coil and 
high temperature models 
available. 


Write on company letterhead for free 
booklet on Torque Motor Applications to: 


AMERICAN MEASUREMENT & 
CONTROL, INC. tWinbrook 4-6212 
240 Calvary St., Waltham $4, Mass. 
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This article taken from Chapter II of “Fluid 
Power Control”, edited by John F. Blackburn, Ger- 
hard Reethof and J. Lowen Shearer, copyrighted 
by Massachusetts Institute of Technology and 
recently published by MIT Technology Press and 
John Wiley and Sons, Inc., deals in considerable 
depth with a major component of hydraulic control 
systems. Part I of the article was published in the 
April issue. 

The book “Fluid Power Control” is a basic mathe- 
matical analysis of fluid power devices, with abund- 
ant design information on hydraulic and pneumatic 
systems and components. Copies of the book (priced 
at $17.50) may be ordered directly from Technology 
Press, Room 14 N-228, Massachusetts Institute of 
Technology, Cambridge, Mass. Descriptive litera- 
ture detailing the book’s twenty chapters may be 
had by writing No. 112 on the reader inquiry card. 





11.24. 


Dynamic Analysis 


Dynamic analysis of the devices 
can be simply generalized by means 
of linear theory, if operation of the 
nonlinear devices is restricted to 
the substantially linear range, and 
reduced to a single equivalent-circuit 
representation. For the electric- 
circuit. equations, only the control 
current needs to be considered (ex- 








Electric circuit of actua- : ‘ é Ba 
Pit cept for the inclusion of polarizing 


current directly or indirectly in the 
expressions for certain parameters), though for computation of power 
losses, total current must be considered. For any of the devices, 


di. Ge 
v= Rie + Ly — + Kizs- (11.49) 
dt at 
or 
di, _ dé 
v= Rie + Ly — + Ku (11.50) 
dt dl 


in which v is the incremental terminal voltage, 2, is the winding resis- 
tance, and L,, is the winding self-inductance (armature centered). 
Either Eq. 11.49 or 11.50 describes the circuit of Fig. 11.33. Also, 


2 
P4 


eee dedi a i 115 
-=M— —+ Kyyr ( ol) 
ws dt? d dl ‘ : 


or 


22 


: a6 dé 
Kyi, =J seer + B,—+ K.0 
dt* t 


d (18 


Here M represents the mass and J represents the moment of inertig¢ 


the moving parts, and B; and B, are viscous-friction coefficients, Used 
K dx 
ee (11.5) 
or 
K d6 
¢= -~ 
rs (115) 
with Eq. 11.51 or 11.52, respectively, gives 
: M de + B; Key f 
[= ——~€ 4+- -——. fedl (11.55) 
Kis" dt Ki;" Kis" 
or 
} J de B, Ke 
t=-—~— + —e+ — 5 fea 11.54) 
K,,° dt Ki Ki" ( 
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Fig. 11.34. Equivalent electromechanical circuit of actuator. 


and leads to the all-electric equivalent circuit of Fig. 11.34, in which 
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M ms 
C = —-or—-; (11.5) 
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The circuit may be made into a two-terminal pair by adding anit 
pressed force, f,, to the electromagnetic force, Eq. 11.51, and ani 
pressed torque, 7), to the electromagnetic torque, Eq. 11.53, the equi 
lent of which is the impressed current, f;/Kyy; or 71/Ky,, whereas 
equivalent of an impressed velocity is K,;(dx/dt) or K1,(d6/dl). 
losses may be represented approximately by resistance, R,, Fig. I 
which is a function of frequency and flux density and can be estimalt 
only roughly. It serves as an aid in visualizing the influence of @ 
losses. 


ELECTROMECHANICAL P 


if the winding 
Here p is the 

in power per 
Tis the temp 
the internal te 
ture. The cu 


Hence, for ma 


MAY 1960 








(1182 


of inertia 
ents. Used 


(11.5 


(11.54 


(11.55) 

(11.50 
4 or t/hy 
es 


dx 
Kg 
or 


Ky ie 


—~e- 


uator. 


, in which 





(11.8) 


(Il 


(11 


dding anil 
and ani 
}, the equi 
whereas 

16 /dt). 

«, Fig. I 

be estimalt 
rence of @ 


By Professor Richard H. Frazier 


Associate Professor of Electrical Engineering 
Massachusetts Institute of Technology 


11.5. Figures of Merit 


Figures of merit may be defined as aids in preliminary design pro- 
cedure and in selection of motors. ‘he ratio of starting force to mass or 
darting torque to inertia may be taken as a partial measure of speed of 
response. In computing these ratios, certain approximations are made 
for purposes of generality, since figures of merit generally need signify 
only substantial differences among various devices; if selection is very 
critical, accurate computation must be made for the specific devices or 
inspecific design comparisons. For the moving-coil devices, the mass of 
the movable part is determined largely by the necessity of having suf- 
ficient surface area to dissipate heat at a rate that will keep the coil insu- 
lation within its temperature limit. For the translational device, 


M = rDtl[ob, + (1 — o)b;] = rDél[o(5, — 5;) + 5] (11.60) 
inwhich ¢ is the thickness and | is the length of the coils, ¢ is the over-all 
space factor, 5,, is the density of the wire material, and 6, is the density 


of the insulating material. Insulating material has about 10 per cent 
the density of copper and about 30 per cent the density of aluminum: 


6. = o(b, — 5,) + 8; = (0.90 + 0.1)6, (11.61) 
for copper, and 
& = o(b» — 5) + 8; = (0.76 + 0.3)8, (11.62) 
for aluminum, and 
M = rDitlé, (11.63) 
The current limit in the coil is determined by 
i _, emDN? 
i“Ry» = 1¢° ——— = keDIT (11.64) 
olt 
ifthe coil is operated with control current only, and by 
we ae prDN? l 
(2i.)° — = (2i.)° ——— = keD-T (11.65) 
2 Qolt 2 


ifthe winding is operated push-pull and hence carries quiescent current. 
Here pis the resistivity of the wire material, k is the dissipation factor 
i power per unit coil-surface area per degree of temperature rise, and 
Tis the temperature rise. The coil is supposed to be thin enough that 
the internal temperature does not differ greatly from the surface tempera- 
ture. The current limit then is 


EN epepeeneees 

i, = VkeDIT)/R, = “ V (oktT)/p (11.66) 
‘ ] 

et et Eee 

i, = - WikeDIT)/R,, = — V(oktT)/p (11.67) 

2 2N 
Hence, for maximum allowable flux density Bp = Bn; 
f = 1®nV (okT)/p DIV (11.68) 


or. 


us as a 
J = 5 Gm V (okT) p DIV 1 (11.69) 


f & m i diet aA 





Sx —* V(okT)/(pt) (11.70) 
M be 
J _ 8m VoD (11.71) 
— = — V (ckT) 7 
i Se 
For the rotational device, 
+ = BnW (ckT)/p hDIV1 (11.72) 
or 
Ca r 
r= r V (ckT)/phDIV t (11.73) 
and 
Ds, DP+P cs 
Sst een LES oe ) (11.74) 
> 
208, V (okT)/(pl) 
S ue hil as a (11.75) 
J D? + I? 
pipe een 
3h 
or 
BV ( kT) /(pt) 
; Btn Ste eI (11.76) 


( D? + *) 
5. | D + ——— 
3h 


If the angular accelerations of Eqs. 11.75 and 11.76 are translated into 
linear accelerations at the coil side, for comparison with Eqs. 11.70 and 
11.71, the equivalent force-to-mass ratios are 











Ys @mDV (ckT)/ (pl) 
—) = ~——____ (11.77) 
M/. DP+P 

a 1 Bs ee 

3h 
or 

f @mDV (okT)/(pl) 
. = —— (11.78) 
M/, D+P 

25.(D+ 


Hence, the rotational device cannot have as high starting acceleration 
as the translational device and can approach the starting acceleration 
of the translational device only if its coil is relatively high, short, or 
thin. Whereas the maximum force or torque of moving-coil devices is 
limited by the practical flux-density limit of the magnetic material ad- 
jacent to the air gap in terms of polarizing flux, ®,, = ®,, the moving- 
iron devices are so limited by the flux density of polarizing plus control 
flux, Bm = @, + ®., and for a given upper limit of total flux density, 
the maximum force is achieved when the polarizing and control com- 
ponents are equal, ®, = 2@,. Hence for the device of Fig. 11.3 the 
maximum force achievable is 





Bm?ug 
i — (11.79) 
Ma 
and the minimum mass of the armature is 
' walé (11.80) 
or : 
so that 
Wn” 
SF _ 2n'do (11.81) 
M walé 
Likewise, for the device of Fig. 11.4, 
2 
1 
i a (11.82) 
Qua 
wil? 
J= (11.83) 
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This rotor must be twice as thick as necessary to carry the Maximuyp 
flux because it must overlap each pole by a/2. It could be thinned jp 
the center, but the decrease in J would not be great. Hence, somewhy 
pessimistically, 

T 6Bm"Jo 


- “ ( 
J pals It 4 


(4) 38m Jo 
M/,. = waald (1189 


for comparison with Eq. 11.76. 
For the device of Fig. 11.5, 


— 
Bm" wa 


(11.86) 
Ma 
M wild (11.87) 
f ma 
V py, [td Ute 
and for the device of Fig. 11.6, 
®,,"wa(l — a) 
r= — (11.89) 
r 6@,,7a(l — a) 
r =- 7 Et6 ; (11.90) 
f 3@,,"a(l — a) 
4) oer! aa “— 


For normal action, the rotational device has 34 the starting accelen- 
tion of the translational device, and for parallel action, the rotations 
device has 3(/ — a)/l as much starting acceleration as the translationd 
device. For the two types of translational devices, the ratio of starting 
forces is 


n Jon 
Jn _ 9% (11.99 


Sp ap 
which means that for equal forces the normal-acting device must be much 
the larger. The ratio of starting accelerations is 
(f/M)n gon 


be = (11.8 
(f M by Z.. 


which reflects the same information. For the two types of rotation 
devices, the ratio of starting torques is 


Tn Jonln 


= (11.94 


Ay(lyp — Gp) 


T 1 


Pp 


which means that for equal torques the normal acting device must lt 
much the larger. The ratio of starting accelerations is 
(r/J)n Jon!» 

: : (11.95 


(r/J)p a,(l, ay) 


Actually, the comparison can be made still more favorable towath 
the parallel-acting device. The armature dimensions in all cases hat 
been determined on the assumption that the flux densities in the arm 
ture cannot exceed the maximum flux density stipulated for the pit 
faces. However, if for the parallel-acting devices the armature cri* 
sectional area is reduced so that in the structure of Fig. 11.27, fore 
ample, the armature approaches saturation as it turns or so that in tlt 
structure of Fig. 11.24 the armature is always saturated by the polariai 
flux, the nonlinearity is much reduced and the moment of inertia is 
duced, without influencing starting torque. Furthermore, by saturating 
the armature, Fig. 11.24, it can be made solid and still have little li 
teresis loss in it, which is a manufacturing advantage. If saturation? 
introduced into the normal-acting devices, they acquire negative k 
and become nonlinear. 

This effect can be visualized, for example, by consideration of Fi 
11.11 for balanced currents and displaced armature. The magnet 
motive force across the air gaps on the end that has been pulled furtit 
into the stator then is less than the magnetomotive force across the# 
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gaps on the other end; the armature tends to return to center, but the 
entering force is not in direct proportion to displacement, since it 
depends on the degree of saturation and hysteresis of the magnetic ma- 
terial. 

Of the moving-iron devices, the parallel-acting device has the greater 
force and starting acceleration, and the rotational device exceeds the 
translational device in starting acceleration. 
parallel-acting rotating device with the moving-coil device in transla- 


A comparison of the 
tion therefore is of interest. The ratio of forces is 
t ee ‘(okT) fe . DL V1 

- x (11.96) 


fi Bm wa, 


ifthe moving coil does not carry quiescent currents, and is half the above 
ratio if the moving coil does carry quiescent currents. 
starting accelerations is 


The ratio of 


(Me _ mab V(@KT)/o 
(f M )ie 


35-Bm 
if the moving coil does not carry quiescent currents, and is half the above 
ratio if the moving coil does carry quiescent currents. 
These ratios each have been factored into a part that depends on as- 
sumed limits for physical quantities and a part that depends on dimen- 
sions. Two comparisons now are made. First, for a copper winding, 


l?vt 


(lL; — a;)a, 


(11.97) 


o = 0.50 

lk = 10 w/m? °C 

T = 200°C 

p ~ 3.0 X 107° ohm-m at 200°C 
Ma = 12.6 X 107? 
@®» = 1.5 webers m7? ae 


le 


which gives 


ta V (okT)/p 
Brn 
3.14 X 12.6 K 107-7V(0.50 X 10 X 200)/(3.0 X 107%) 
oe ~ (48 
1.5 
(11.98) 
and 
ub;V (okT)/p 
35.B8m 
12.6 X 1077 & 1.6V (0.050 X 10 X 200) /(3.0 * 107%) 
— i : * i. = ().084 


3X 1.5 
(11.99) 
Ifthe permissible temperature rise is reduced, or if the flux-density limit 
is raised, or both, the factors computed above are reduced. 
Now for an edgewise strip-aluminum winding, using no bobbin or 
frame and relying on oxide insulation, 


o =~ 0.90 

p =~ 5.0 X 1078 ohm-m at 200°C 
6; 

- = 32 

6, 


and if other quantities remain the same, 


teV (okT)/p 
ba lt te 0.50 (11.100) 
and Bm 
pad; V (okT)/p 
ete ho REL RE P| (11.101) 
36.Bm 


which shows little gain in force ratio but double the acceleration ratio. 
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Equipped with convenient TEL-A-GRADE device 
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holder will be replaced free of charge. 
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with LOCKTITE. Sold by all good Dealers. 


A.W.Faber-Castell Pencil Co. Newark 3, N. J. 













CIRCLE NO. 20 ON INQUIRY CARD 





COMPONENTS DESIGN 


To complete the comparison, some assumptions must be made for é 








mensions. For devices approximately the same size lag can be 
Di, . 
wa; r. (11.10 
and generally 
t<l, (11.10) in which 
Therefore 
Di. 
— Vt 107 + 107° (11.10) 
wa; 
for t between 107 and 107% m. Also, if in accordat 
tire freque 
l; = 4a; (11.10) 8 from Fig. 
then . low frequet 
li? vt currents. 
—— +022 ll. 
(i — apa, LIN um fort 
For consta 


Evidently for comparable sizes, the moving-coil device is by far the passes thro 
weaker and has considerably smaller starting accelerations when sig resonant fr 
are small but could be superior in starting acceleration for large sim frequency 
Specifications sometimes are made in terms of starting force, maximum teristic of tl 
stroke, minimum resonant frequency (with or without specified loa) pehavior, 0 
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types of readout purposes: Navi- Fig. 11.35. Frequenucy-response characteristic of typical small torque motor. z 
gational, tracking, ranging, time, : 3. 
and positioning; or for any other the required force with an armature having much less than the tole rs 
application imaginable—all to moment of inertia, or in other words, could substantially exceed the ”* 
your most exacting requirements. fied resonant frequency. On the other hand, if the moving-iron 
Ga tional device can develop the required force with an armature havitf 2 
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v coil translational device could not develop the required force wi : 
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SEND FOR DATA PACKAGE 125 Whereas resonant frequency may be taken as an indirect measule o! 
speed of response, a better measure is phase lag. A frequency- 
. teristic is din Fig. 11.35.3 For low frequencies, the 
INSTRUMENT CORPORATION characteristic is plotted in Fig. 11.35 or 1 : 
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U.S, AND CANADIAN CITIES for Servovalves,’”’ Dynamic Analysis and Control Laboratory Report No. 66, Cam 
‘ou wwe rtanoe.”6 OCCU UCM SE. FUT URE bridge, Mass., June 1, 1952, Fig. 14, p. 23. 
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lag can be computed from 


Ly +L) 
tan@ = — Sete (11.108) 
in which 
R= Role 
= Rik, (11.109) 


in accordance with the equivalent circuit of Fig. 11.34. In fact, the en- 
tire frequency-response characteristic can be interpreted qualitatively 
from Fig. 11.34, but quantitative computation is not feasible beyond 
low frequencies owing to the complicating effects of hysteresis and eddy 
currents. The current in T is a measure of deflection and is not a maxi- 
mum for the resonant frequency, for constant-signal-voltage excitation. 
For constant-current excitation, the phase lag with respect to current 
passes through 90°, and the deflection amplitude is a maximum at the 
resonant frequency except for the disturbing influence of core losses. 
Frequency response based on constant source current gives a charac- 
teristic of the device apart from influence of source impedance. Dynamic 
behavior, of course, could be expressed in terms of the roots of the de- 
terminantal equation for the circuit of Fig. 11.34 except for the effects of 
core losses. The natural frequency of the system, including voltage 
source and load, of course, is somewhat different from the resonant fre- 
quency. 

As is evident by inspection of the equivalent circuit, Fig. 11.34, the 
speed of response is influenced not only by the mechanical parameters 
and the available force, or torque, but by the, electrical parameters also, 
since the electrical time constant of the winding is a prime factor in de- 
termining the speed with which force can be developed. Hence, whereas 
for a given total flux-density limit, equal division of polarizing and con- 
trol flux densities gives maximum possible force for a mOving-iron de- 
vice, reduction of control magnetomotive force by using larger polarizing 
and smaller control flux densities may be desirable to reduce winding 
inductances, control current, armature thickness, or coil heating. Di- 
vision into 0.6 polarizing flux density and 0.4 control flux density gives 
25 per cent reduction in control current (and perhaps in armature thick- 
ness), 36 per cent reduction in heating, and only 4 per cent reduction in 
fore. For a given control magnetomotive force, reduction of turns re- 
duces winding self-inductance and increases control current (or vice 
versa), but self-inductance is a squared function of turns, whereas con- 
trol current is an inverse function of turns. 
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Fig. 11.36. Static characteristic of typical small torque motor, 
The static sensitivity 
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SELF-ALIGNING 
BEARINGS 


PATENTED U.S.A. 
All World Rights Reserved 


PLAIN TYPES 


CHARACTERISTICS 


RECOMMENDED USE 
For types operating under high 
200 


ANALYSIS 


temperature (800-1 

degrees F.). 

For types operating under 
high radial ultimate loads 

( -893,000 Ibs.). 

For types operating under 
normal loads with minimum 
friction requirements. 


1 Stainless Steel Ball 
and Race 


Ball and Race 


3 Bronze Race and 
Chrome Steel Ball 


2 Chrome Alloy Steel 


Thousands in use. Backed by years of service 
life. Wide variety of Plain Types in bore sizes 
3/16” to 6” Dia. Rod end types in similar size 
range with externally or internally threaded 
shanks. Our Engineers welcome an opportunity 
of studying individual requirements and pre- 
scribing a type or types which will serve under 
your demanding conditions. Southwest can 
design special types to fit individual specifica- 
tions. As a result of thorough study of different 
operating conditions, various steel alloys have 
been used to meet specific needs. Write for Engi- 
neering Manual No. 551. Address Dept. EMD-60 


SOUTHWEST PRODUCTS CO. 


1705 SO. MOUNTAIN AVE... MONPOVi+, CALIFORNIA 
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Meladel Masel iitacie| 
TEMPERATURE CONTROL 


TYPE B5 


External 
Adjustment 
KNOB AND DIAL 





UNITED ELECTRIC’s type B5 control allows temperature 
settings to be made by rotating a single turn knob 
and pointer against a calibrated dial. It is a compact, 
inexpensive, precision-built control designed for nu- 
merous applications including hot water tanks, inter- 
nal-combustion engine cooling systems, boilers, 
degreasers, etc. Uncalibrated, internally adjusted ver- 
sions of the type B5, designated type C7, are also 
available. Complete information on these and other 
local mounted controls may be had by requesting the 
new Catalog Section 100. Information contained in 
this new catalog will prove extremely helpful to all 
design engineers. 


Calibrated Ranges... . 





100° or 200° F. between 0° and 425° F. 
limits. 





Thermal Assemblies, . .| Various immersion lengths . . . liquid- 
filled seamless brass bellows operate by 


hydraulic action. 





Switch Ratings. .....| 15 amps. at 115 or 230 volts AC, also 
20 amps. or DC switches available on 


specification. 


N.O., N.C., Double Throw, no neutral 
Position. 








Electrical Connection . .) To internally located terminal block by 


clearance hole in enclosure. 





Size & Weight ......| 414” x 114” x 6}%”, weighs approx. 12 


Oz. 





Mounting . . For local mounting by 44” male NPT 
on immersion element, turning radius 
is 314". 
Aluminum case with black wrinkle 
finish. 





Enclosure . 








UNITED ELECTRIC manufactures a complete line of tem- 
perature, pressure, and vacuum controls. Modified or 
custom-built units can be made to suit your specifica- 
tions. Consult a UE application engineer today. 


Write for Bulletin No. 2-1 for more data on the B5 
control or request the new Catalog Section | 
which covers all UE local mounted units, 


= United lectric Controls 
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COMPONENTS DESIGN 


(though @/N1 is better as a characteristic of a given structure) is indicate, 
by a static characteristic such as Fig. 11.36,‘ which gives an indication 
of linearity and of hysteresis, generally entirely of magnetic origin if 
centering springs are properly designed. To achieve very low hysteresis 
in moving-iron devices, one must select low-hysteresis materials With 
proper annealing, subject them to a minimum of machining or strain 
thereafter, and operate at low flux-density levels and with relatively 
long air gaps. These requirements tend to make large size and lange 
control current necessary. Since pressure for small size and high seng. 
tivity tends to dominate in actuator design, hysteresis is rarely less th 
2 per cent of maximum stroke, though the situation might be improve 
somewhat by better attention to annealing and by methods of fabric. 
tion that avoid machining after annealing and strains produced by 
mounting. Hysteresis effects in moving-coil devices readily can ly 
negligible, since the control current imposes only a relatively smal 
magnetomotive force on magnetic material which is already polarigg 
well towards saturation. 


11.26. Design Procedure 


Design procedure should be systematized to prevent running comput 
tions round and round without converging on a conclusion that mee 
the specifications or without realizing what items in the specification 
are in conflict or are unreasonable and, hence, prevent a sensible solution, 
Since the achievement of ideal features in all respects inevitably involyg 
conflicts in most design problems, the manner in which various requin 
ments influence the design should be clearly evident so that compromigg 
can be made in a way that best preserves the most desirable features fy 
the application. Procedures can be systematized in various ways. Fy 
example, if starting force, maximum static deflection, resonant fn 
quency, and current sensitivity are specified, a procedure for the moving 
coil translational device, Fig. 11.1, is as follows. 

Combination of Eqs. 11.63, 11.68, and 11.107 gives 


V (ckT)/p 


Bm 
Vi=—— (11.1 
wodé, 


in which d is the maximum static deflection. Use of Eqs. 11.63 ani 


11.107 gives 

Di = af (11.113 
two lb. 

Hence, by assuming maximum air-gap flux density and quantities pe 
tinent to winding design and heating which determine ~/(ckT)/p ail 
6,, the coil thickness can be estimated from Eq. 11.111. (Fora al 
carrying quiescent current, Eq. 11.69 would be used instead of Eq. 118 
which would halve the right-hand side of Eq. 11.111 and give ¢ one-foutl 
as thick.) If the first result appears unreasonable, then a reasonable 
result must be achieved by modification of +/(ckT)/p, 6,, specifil 
wo”, d, or all of them. The reasonableness of ¢ is judged in part by the 
fact that it, plus clearances, determines the air-gap length across whith 

@®m must act. 
When a preliminary figure for ¢ has been determined, combinationsd 
D and | can be tabulated from Eq. 11.112. If the valve mass is includel 
in the specification of resonant frequency, it must be added to the right 








is the load 





The armatu 


Use of Eqs. 


and combin: 


If the val 
quency, and 
added to th 


must be moc 


The last tw 
be taken as 
atically com 


the possibili: 
amined. If 
liminary val 
adjusted by | 
ing does not 
moving-coil | 
needed for a 
The gap len, 
saturation ef 
design (and 
can proceed, 
requirements 
The electr 


(when all reli 
elastance is, | 


Ky, = K 





hand side of Eq. 11.63, and Eqs. 11.111 and 11.112 modified accordingly. 
If acceptable combinations do not result, either ¢ must be revised 
specified w) must be changed. When acceptable preliminary figures 
D, l, and t have been obtained, then the magnetic circuit of the device,it 
cluding permanent magnet or polarizing coil, can be designed, and 
number of turns and wire size for the moving coil can be determined] 
use of Eq. 11.5 and the coil dimensions. Then if the preliminary desi 
still appears practical, it can be developed in full detail. 

If the same specifications are used for a parallel-acting moving 
rotational device, Fig. 11.6, a possible procedure is as follows. Us 
Eq. 11.89 gives 

4By22(1 — z)wyr? 
fir = ————_-—-—-- (11.10 
Ha 


r = xr (1148 


in which 


‘Frazier and Atchley, op. cit., Fig. 12, p. 23. 
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ig the load radius (not to exceed 1/2), and 








or (11.115) 
Be = 28m (11.116) 
Bp = (1 — 2)Bm (11.117) 
The armature thickness becomes 
t = 2yer (11.118) 
Use of Eqs. 11.107 and 11.83 gives 
fer = athe _ 2yzwr®(2 + y)*bdaoo” ‘iste 
ar 12x 
and combination with Eq. 11.113 gives 
if (11.120) 


r= : —— 
(2 + y) bdwo" Wy 


If the valve mass, M,, is included in the specification of resonant fre- 
quency, and if the valve is split or counterbalanced, 2M ,(rr)? must be 
added to the right-hand side of Eq. 11.83, and Eqs. 11.119 and 11.120 
must be modified accordingly. Transposition of Eq. 11.113 gives 


Cs Mafx 
4Bm?2(1 — 2) 
The last two equations, Eqs. 11.120 and 11.121, with Eq. 11.117 may 


be taken as the preliminary design equations. By assuming system- 
atically combinations of x, y, and z, recognizing that practically 


wyr (11.121) 


l<2<15 (11.122) 
03<y<1 (11.123) 
0.2<2<05 (11.124) 


the possibility of achieving reasonable. dimensions can quickly be ex- 
amined. If one starts, for example, with x = 1, y = 0.5, z = 0.3, pre- 
liminary values for r’, r, w, a, and t are obtained which readily can be 
adjusted by proportion through juggle of z, y, and z. Whereas coil heat- 
ing does not enter directly into these computations, as it does for the 
moving-coil device, it enters indirectly because r and a and the space 
needed for a shaft must be such that sufficient space is allowed for coils. 
The gap length will be of the order of three times the stroke unless a 
saturation effect is used to reduce nonlinearity. From this point, coil 
design (and magnet design, if permanent-magnet polarization is used) 
can proceed, using high-temperature insulation if necessary, and spring 
requirements can be investigated. 

The electromagnetic elastance is 


(1 — z)frr? 
Joz 





Kat = (11.125) 


(when all reluctance is concentrated in air gaps), and the required spring 
9 9 
jz'r° 


elastance is, therefore, 
: : r (1 — z)frr? lz .Ud—z 
Ko = Ke + Ko, = —— + ———— = frr’ F +— 


d oz 
(11.126) 


The spring torque for this type of device can conveniently be provided 
by the twist of its armature shaft. If a combination of z, y, and z cannot 
be found that gives acceptable r, w, a, and ¢, both from the point of view 
of over-all size and of practical coil and magnet design, specifications 
must be changed accordingly. 

Procedures similar to the illustrations can be developed for any of the 
types of devices. The design of a motor using an E-I magnetic structure 
is given in Sec. 13.41. The type of device is often determined by me- 
chanical adaptability to the application, shape of space available, or ease 
or expense of manufacture rather than by ideal analyses that optimize 
certain features. Furthermore, certain shapes, such as the cylindrical 
devices of Figs. 11.16, 11.22, and 11.23 and the magnetic circuits of the 
translational moving-coil device, are not readily laminated. The normal- 
acting moving-iron devices in translation may have high side forces owing 
‘o slight dissymmetries or unbalances, which may be quite troublesome 
if valves are rigidly attached to the armatures. Incidentally, any one 





For improving Your 
Silicon Rectifier Design 


New ADVAC 












Silicon rectifier 
designs using the 

new ADVAC ceramic 
insulated heat sink 
assembly are setting new 
design standards with 
improved performance 
characteristics. 


semerraeeare 


1. High thermal conductivity 
permitting higher current 
levels at any case tempera- 
ture, or smaller heat sink 
design. 


2. Better electrical insula- 
tion—Flashover point is 1800 
Volts minimum (tab to stud). 


3. Uniform heat transfer 
characteristics result in 
greater stability. 


4. Production techniques are 
simplified — no components 
to be assembled. 


Write ADVAC today, describing your application, 
to learn how these ceramic seals can help improve 
your semi-conductor or vacuum tube designs. Specify 
ADVAC CERAMIC SEALS for diode closures, tran- 
sistor bases, mounting studs and other precision 
insulated components. 


ADVAC Seals are manufactured only by— 


ADVANCED VACUUM 
PRODUCTS - INC 


430 Fairfield Avenue, Stamford, Connecticut 
A Subsidiary of 'NOIANA 
| BB. 
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BOARDMASTER VISUAL CONTROL 


* Gives 


Easily 
Needs. 


Graphic Picture of 
Your Operations in Color. 
* Facts at a Glance — Saves 
Time and Prevents Errors. 
* A Simple, Flexible Tool — 
Adapted to Your 


Complete Price 





FREE 











$4950 


* Easy to Use. Type or Write 
on Cards, Snap on Board. 

* Ideal for Production, Sched- 
duling, Sales, Inventory, Etc. 

* Compact, Attractive. Made 
of Metal. 500,000 in Use. 


Including Cards 


24-Page ILLUSTRATED BOOKLET AK-40 


Without Obligation 


GRAPHIC SYSTEMS, Yanceyville, North Carolina 
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Write for data sheet. 





up to 15 Ibs per sq in. 
e Gives double-break action 


in SPDT circuits. 


@ Controls two separate 
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: rating. 
*10 amp 28 v. d-c 
resistive 
or 125/250 v. a-c 
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COMPONENTS DESIGN 


of the actuators illustrated herein can operate as a velocity pickoff i 
the actuator is driven mechanically, it can generate a voltage proper. 
tional to velocity. 












NOMENCLATURE 


Definition 


a polar length, radial direction 
A polar area at air gap - 
An cross-sectional area of magnet 4 
B viscous-damping factor 

B- control component of flux density 
8B. 

B 

8 

Cc 











a maximum allowable flux density 
- flux density at neutral section of magnet ‘ 
‘“ polarizing component of flux density B 
capacitance 
D diameter 
e electromotive force 
f force 
Jo air-gap length, retor in neutral position 
7 conductance 
h height 
. ae magnetic-field intensity at neutral 
section of magnet 
ic control component of current 
Io polarizing component of current 
J moment of inertia 
k surface-heat-dissipation factor 
Ko mechanical elastance 
K, electromechanical coupling constant 
Ke electromagnetic elastance 
K, effective or net elastance 
l length 
lo rotor overlap with stator pole 
Ses length of magnet 
Ly self-inductance of winding 
M mass 
N number of turns 
e permeance 
r radius 
R resistance 
R. core-loss resistance 
R, resistance of winding 
Ro reluctance of working gap, rotor in 
neutral position 
Ra reluctance of nonworking gap 
t thickness 
T temperature 
v voltage 
w width 
x linear displacement. 
x auxiliary design parameter 
y auxiliary design parameter 
F4 auxiliary design parameter 
r reciprocal inductance 
6 density 
n magnetic-leakage coefficient 
0 angular displacement 
4% go/t 
Ma permeability of air 
p resistivity . 
a space factor of coil “¢ ruggec 
torque speeds, 
303 stainle 
wo resonant angular frequency excellent re 
303 stainle 
Application: 
ADDITIONAL REFERENCES other recor 
as lab devi 
Blitzer, 8. D., “The Design of a Torque Motor for Hydraulic Servo Application E New catalog 
S.M. Thesis, Department of Electrical Engineering, Massachusetts Institule@ differentials 


Technology, Cambridge, Mass., 1948. 

Dunn, J. F., Jr., “A Study of Permanent-Magnet Torque Motors,” S.M. 
Department of Mechanical Engineering, Massachusetts Institute of Tech 
Cambridge, Mass., 1953. 

Frazier, R. H., and R. D. Atchley, “An Electric Valve Actuator for Hydraulic8 
mechanism,” Meteor Report No. 42, Dynamic Analysis and Control Labo 
Massachusetts Institute of Technology, Cambridge, Mass., 1949. 

Massachusetts Institute of Technology Electrical Engineering Staff, M 
Circuits and Transformers, John Wiley and Sons, New York, 1943. 
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will this solve 
your motor problem? 


Carter ‘Classic’ f.h._p. GEARMOTOR 
10 single and double reduction models, 
10 to 750 r.p.m., 1 to 4 Ib. in. torque. 
Universal, shunt or series motors 12 v. 
to 220 v. input. Size 6 x 35 x 338” 


Governor available. Prompt delivery. 
Liberal O. E. M. discounts. 








DESIGN 
SHOW 


BOOTH 
1104 





This rugged, miniature Dynaco transmission is available with up to 
15 speeds, in any range from 3.3 to 7812 RPM. Dynaco gears are 
303 stainless, 24 ST aluminum and DuPont DELRIN which has 
excellent resistance to wear and reduces noise factor. All shafts are 
303 stainless. 


Applications are for recording instruments such as oscillographs or 


other recording devices requiring constant, precise RPM. Also used 
a lab device for testing servo packages. 





Application New catalog on Dynaco line of miniature, precision stock and custom gears, 
ts Institute differentials and components is now available. 

” SM. 

of Tech 

ydraulieS GEAR CO. INC. 


rol Labo 






AMITYVILLE, 
NEW YORK 
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ELECTRICAL INSULATING PAPER 


® Dielectric strength — 300 volts © Density: 1.30 — 1.35 


per mile ® Thickness from .004” to .030” 
® Tensile strength—13—16,000 ® 100% rag stock paper 
Ibs./Sq. In. ® No sizing or fillers used. 


“Glazed roll” finish — others available. 
Can be combined with other materials. 
Available in rolls, sheets or coils. 


High Performance Electrical Insulators 


COPACO — Highest grade 100% rag insulation paper 
COPAREX — Economical grade 100% rag insulation paper 


COPALAM — Class 8 asbestos — glass laminate insulation 
material 


Write for free samples, literature and name of 
nearest Cottrell representative. 


COTTRELL Uq601 Company, Ine 


10 Purchase St. Fall River, Mass. 





430-9 
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FIG. 1 Precision Torque Tester 


PRECISION TORQUE TESTER 


Air Bearing Design Maintains Stiff Axial and Radial Suspension 


Development of a torque tester that measures torques well 
below the one-tenth dyne centimeter level has achieved the 
unusual result that, in one area at least, the art of the test 
equipment is slightly ahead of the art of the precision 
instruments tested. Key to this performance is the success- 
ful application of an air bearing to commercial torque 
measuring equipment. 

In addition to its incredibly low friction, the bearing 
maintains an extremely stiff support in both the radial and 
axial direction for the device under test. The present test 
model, manufactured by the Dynamics Research Corpora- 
tion of Stoneham, Massachusetts, will sustain a maximum 
test load of approximately one pound. Radial stiffness of 
the air support is of the order of 1.25 grams per micro 
inches, and its longitudinal stiffness is of the order of 1.0 
gram per micro inch. 

Air is supplied under pressure at forty to fifty pounds per 
square inch to the journal of the air bearing. When the bear- 
ing is activated, its residual friction is well below 10°? dyne 
centimeters. Sources of error torque for the device are im- 
perfections of the precisely machined surfaces and environ- 
mental disturbances. Performance results to date indicate 
the uncertainty torque of the air bearing is below 0.05 dyne 
centimeters for a moderately well controlled environment. 
DRC recommends controlling the inlet air pressure devia- 
tions to + one pound per square inch and isolating the 
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torque tester mechanical assembly from extreme air « 
rents, temperature changes, and severe vibration. 

The research model of the Air Bearing Torque Testerw 
developed by Robert DauWalter under the direction‘ 
Phillip Gilinson at M.I.T. Instrumentation Laboratory. 1 
purpose of the research was to devise a simpler, more ate 
rate method of determining the torque characteristic 
electromagnetic devices incorporated in high preci 
gyros. 

To measure very small torques in a device under] 
cisely known conditions, the test equipment must orient 
support the device with minimum interfering torque 
tributed by the test equipment and the orientation of! 
device under test. In addition, the test equipment! 
furnish a means for introducing the input conditions uw 
which the torque is to be tested and a means for measill 
the resulting torque accurately. For example, in testing! 
reaction torque of a Microsyn signal generator for a 
angle input, the Microsyn must be oriented and supp0 
so that the rotor is precisely centered with respect to 
stator throughout the test, the rotational axis of the roto 
vertical to prevent interfering torques due to mass ull 
ance of the rotor, and minimum friction torque inter 
with axial rotation of the rotor. To supply the condili 
under which the Microsyn reaction torque is to be measult 
some means of introducing a prescribed input angle betw 
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ihe stator and rotor must be available; to measure this torque 
reaction some form of torque restraint of the rotor shaft and 
, means of sensing and indicating this restraining torque 
are needed. 

Continuing our example of measuring the reaction torque 
ofa Microsyn signal generator, we can show how the DRC 
torque tester fulfills the design requirements outlined. The 
Microsyn rotor is mounted on the air supported shaft of the 
tester so that the rotational axis of the rotor and shaft co- 
incide and are vertical. 

Spirit levels on precisely machined surfaces of the air 
hearing assembly indicate the orientation of the shaft with 

to the vertical and final alignment to the vertical is 
accomplished by leveling screws located at the bottom of 
the structure. Stiff axial and radial suspension maintained 
by the air support ensures that a new component of mass 
unbalance of the rotor is not introduced when the shaft is 
rotated. 

Orientation of the stator with respect to the rotor is ob- 
tained by an adjustment fixture on the test table. Output 
signals developed by the Microsyn being tested are used as 
a basis for mechanically aligning the stator in the adjustment 
fxture to the electrical center of the combined stator and 
rotor. The alignment fixture provides two perpendicular 
axial motions with an adjustment resolution to within twenty 
millionths of an inch. It also provides means for adjusting 
the stator angle of the Microsyn being tested. 

The block diagram in the accompanying figure illustrates 
the torque measuring system. Torque restraint is obtained 
by a closed loop spring. The loop includes a Microsyn sig- 
nal generator (not the test specimen) and a microsyn 
torque generator attached to the air supported shaft. 

The signal generator output voltage is proportional to the 
angular displacement of the air supported shaft. This output 
is amplified and fed back to the torque generator to produce 
a restraining torque on the shaft to balance the reaction 
torque to be measured. Damping of the restraint loop is 
provided by a paddle damper immersed in oil at the bottom 
of the air supported shaft. 

A Weston Inductronic Product Resolver provides the 
















































FIG. 2 Dynamic Research Corporation’s 
Air Bearing Torque Tester 


torque measurement. The Microsyn torque generator and 
Weston Inductronic primary windings are excited in series 
with the a-c reference source. The secondaries of the re- 
solver and torquer are also in series. The current product 
output of the Inductronic is thus proportional to the torque 
generator output torque required to balance the reaction 
torque being measured. 

Precision regulation of the a-c source is not required, 
since the Microsyns and reference winding of the Induc- 
tronic are excited from a common supply. Readout accuracy 
of the DRC torque tester is good to approximately 0.1%. 
The dummy director is used to calibrate any reaction torque 
characteristics of the restraint loop Mycrosyns. Maximum 
torque output of this design can be of the order of four to 
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FIG. 3 Block Diagram of Air Bearing Torque Tester 














SYSTEMS DESIGN 


five thousand dyne centimeters. In Microsyn testing, how- 
ever, the normal torque range encountered is from one tenth 
of a dyne centimeter to one hundred dyne centimeters. If 
earth rate torquers for sizeable gyros were calibrated, the 
maximum torque required would be appreciably larger. 


APPLICATIONS 


The primary application for early models of the torque 
tester will be in determining the reaction torque of pre- 
cision Microsyn pickoffs. Calibration of Microsyn torquers 
will be the secondary application. As a research device, the 
DRC Model 67-M2 offers potential for many new investi- 
gations. Static as well as dynamic characteristics of pre- 
cision ball bearings can be examined to a low torque level. 

Research may indicate that wheel assemblies of precise 
gyros can be checked for torque characteristics during the 
starting and coast-down intervals, either prior to, or after 
assembly into the hermetically sealed float assembly. Even 
after insertion of the gyro float in its outer case, wheel 
characteristics might still be checked. Thus the air bearing 
torque tester may provide a means of examining the torque 
characteristics of gyro wheels without disassembly of the 
unit. For example, after a precision gyro has operated for 
many hours, friction might increase due to lubrication eva- 
poration, thereby altering the dimensional and preload 
characteristics of the gyro. Also, heating could have affected 
the gaseous medium in which the wheel spins. Examining 
coast-down torque characteristics might shed light on the 
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@ Heed a colleague who 
never did, and ask for your 
FREE MUELLER CATALOG 
of ELECTRIC CLIPS AND 
INSULATORS. Do it today, 
while you're still young! 
You'll make better connec- 
tions in the future, with this 
handy illustrated index of 
electric clips for every type 
of quick test connection. 


We've been making newer and better clips 
since 1908 and recently designed the world’s 
only truly miniaturized test clip. It’s called the 
“Mini-gator”, and is so inexpensive we'll send 
you a free sample along with the catalog. 





THE “MINI-GATOR eS i ¥y Shown actual size 
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WRITE FACTORY — FREE “MINI-GATOR” AND CATALOG 


Muckler Clccluc€ 








1554W EAST 31st STREET ° CLEVELAND 14, OHIO 
CIRCLE NO. 31 ON INQUIRY CARD 












nature of the wheel characteristics for correlation Wit 
unusual performance of the gyro. 

The torque tester is actually in a dynamometer and thy 
can be used in calibrating and testing motors of all 
Its advantages, such as isolation from cross torques ani 
forces, suggests its use in calibrating and testing othe 
torque measuring devices. 

It can be applied, in many types of instruments, 4 
measurements of viscous shear, spring constant, hystere 
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and acceleration characteristics in terms of instantanegyf  putton in 
indications or as continuous plots as function of time § actuator. 

Write No. 114 in Box on Inquiry Card action swit 
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Automatic Controls Release Fi 
; ‘ Differentiz 

Mercury switch equipped controls for single stage pre ———— 
two-stage pressure, differential pressure, single-stage to eal 
perature, two-stage temperature, liquid level and mec p Overtravel 
cal movement are covered in 56 page catalog. Hermeti Electrical F 
sealed mercury switches are also ifcluded. j_30 Volts D 
Source: The Mercoid Corp. Ambient T 


Chicago, Illinois 
For your copy: Write No. 224 in Box on Inquiry Card 


Automatic Wave Analyzers 





TAY 


254) — 
No, 536 
with a 


Frequencies and amplitudes of vibration, flutter, noise 
other types of complex waves can be charted with an 
matic wave analysis described in a 16-page bulletin. 
ords can be of linear or squared amplitudes, or on a 
quency versus time basis. Bulletin shows relation of 
netic tape recorder, playback loop transport, and 
































analyzer. Charts and specifications define accuracy 
selectivity of the analyzer. integral a: 
Source: Minneapolis-Honeywell Regulator Co. SPECIFICA 
Beltsville, Maryland Operating F 
For your copy: Write No. 334 in Box on Inquiry Card. 
Release For 
Differential 
Rheostats, Resistors, Relays 
Overtravel, 
Latest data on a complete line of power rheostats, Electrical R 
heavy current resistors, new molded composition re 30 Volts DC 
tantalum capacitors in all three types—wire, slug, and Ambient Te 
. (tense 


relays, tap switches and other new products are included 
a new 32-page catalog. 
Source: Ohmite Manufacturing Co. 


Skokie, Illinois 
For your copy: Write No. 300 in Box on Inquiry Card. 
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Mechanical Breadboard Components 





A new, compact technical booklet on mechanical b 
board components offers numerous design hints and 
mendations for instrument engineers and designers. 


Source: PIC Design Corporation 
East Rockaway, L. I., New York 
For your copy: Write No. 303 in Box on Inquiry Card. 









Power Supplies 





16-page catalog contains complete specification data 10t 
d-c power supplies. A power supply selection chart pemi 
the user to select his output requirements and turn, im 
onds, to the complete data for the unit that fulfills his 
quirements. The catalog is so designed that quick comp 
son of similar supplies is possible. 









Source: Dressen-Barnes Corp. CIRC 
Pasadena, California 
For your copy: Write No. 301 in Box on Inquiry Card. CIRC 
MAY 1969 
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SERIES 5200 PLASTIC 





19 Models available with button in center position (5219), or with 
putton in off-center position (5222) as shown at left with integral 
actuator. Terminals: Solder hold or taper tab feature. Meets snap- 
action switch specification MIL-S-6743 and vibration requirements 
of MIL-E-5272A, Procedure II. 


SNAP-ACTION SWITCHES 











and Industrial Applications 


7102 . 





HAYDON 
HERMETICALLY 
SEALED SWITCHES 


The standard, one piece heavy duty beryllium copper 
switch blade with fine silver contacts maintains con- 
tact without chatter, during shock and vibration, as 
required in military specifications such as MIL-E-5272. 
At Haydon Switch, a complete custom built design 
and development service is available to solve your 
problems in hermetically sealed switches and suitable 





8102 











SPECIFICATIONS TABLE 5219 5222 
Contact Gap, min. .030 010 
Operating Force 6-10 oz. 20-27 grams 
Release Force, min. 3 02. 12 grams 
Differential Travel, max. 015 030 








Pretravel .031 040 


6107 actuators. 
SPECIFICATIONS TABLE 6107 7102 8102 
Contact Gap IN. 015 .020 .030 








Overtravel, min. 025 .050 


Operating Force, Max. 02. 22 32 64 








Release Force, Min. 02. 6 6 8 






















Electrical Ratings, 
30 Volts DC, 115 Volts AC 


Ambient Temperature Range 


10 amps. Resistive 
5 amps. Inductive 


—65° +300°F 


5 amps. Resistive 
3 amps. Inductive 


—65° +300°F 


Differential Travel IN. .0005-.005 .001-.006 .003-.015 








Overtravel, Min. 
Available (In Use IN. .007 .005 010 
Do Not Exceed) 


28 Volts DC, 110 Volts AC 









































































































(Amps Resistive) 5 10 25 
SERIES 5300 SUBMINIATURE 28 Volts DC, 110 Volts AC 
(Amps Inductive) 3 4 8 
F SNAP-ACTION SWITCHES Life at Rated Load (Actuations) 100,000 100,000 100,000 
Pape The basic 5300 switch meets the require- Ambient Temperature Range *F —65 +300 | —65 +300 | —65 +300 
1 S ments of MS 25085, is available with a full Altitude FT. 0-80,000 0-80,000 0-80,000 
Hetin. range of operating forces from 2 to 20 ounces, 
r ona and the case is made of Dially! Phthalate. 
on of Versions with special characteristics and with 
and integral roller and leaf actuators are avail- TOGGLE-ACTUATED AND 
; able. Catalog information describes auxiliary 
>uracy te 8 A actuators. PUSHBUTTON SWITCHES 
Several hundred variations of the toggle-actuated 
ECIFICATIONS TABLE 5366 53114 switches, using Haydon 5300 Series Snap-Action 
Operating Force, max. 5 oz 20 oz. Switches, are available with from 1 to 8 pole double- 
Release F : 1 throw contact arrangements. Toggle actuation can 
ee, ee = hes be either 2 or 3 position, and furnished in various 
Differential Travel, max. .004 .004 combinations of momentary and maintained posi- 
estieeal, i 005 00 tions. Pushbutton switches available in 2-6 pole 
secon O05 double-throw circuitry; many models feature posi- 
stats, Electrical Ratings, 10 amps, Resistive 10 amps, Resistive tive acting or alternate action operating mecha- 
ym resi 30 Volts DC, 115 Volts AC 8 amps, Inductive 8 amps, Inductive nism. Both types may be had with standard or 
y and —" » eae - panel seal bushings, and terminals may be solder 
” scludell Ambient Temperature Range 65° +300°F 65° +300°F hole, turret, or double turret. 
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HAYDON PRESSURE SWITCHES for Aircraft, Missiles and Ground Support Equipment, 


Marine, and Industrial 











Pressure switches meet applicable portion of MIL- 
£-5272, high and low temperatures (—65° to 
250°F.), shock, and vibration (10g). Contain Hay- 
don snap-action switches. Special designs made 
to 600°F. and vibration to 20g. 








ical 1500 1580 Miniature a9) 
meee Externally Gage and Subminiature 
and Adjustable 1880 Miniature ge 1890 
ar. Pressure Switch Absolute (2% 02., 3 Subminiature 1700 Series 
(6 0z., 3%" (4 0z., 3” x 0.937") Absolute Externally 
x 1%e") x LA) (2% 02., Adjustable 
2%" X 0.875") Barometric 
Pressure Switch 
(4 02., 244" 
_. ; 2 
a We invite you x 2%") 
data ior'g to write today 
rt perig for copies of 
a HAYDON SWITCH witch INC. WATERBURY 20, CONN. 
ilfills his TECHNICAL . Telephone: PLaza 6-7441 
ick comp BULLETINS. 









FOR PLASTIC CASE SNAP-ACTION SWITCHES 
CIRCLE NO. 32 ON INQUIRY CARD 


FOR PRESSURE SWITCHES 
CIRCLE NO. 33 ON INQUIRY CARD 








FOR HERMETICALLY SEALED SWITCHES 
CIRCLE NO. 34 ON INQUIRY CARD 


FOR TOGGLE AND PUSH-BUTTON SWITCHES 
CIRCLE NO. 35 ON INQUIRY CARD 
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SYSTEMS DESIGN 


MAGNETIC RECORDER FOR MISSILE TEST 


Tape Drive Uses Photoelectric Transducers In Speed And Tension Control 


Tape damage can be an exceedingly 
expensive event in missile data record- 
ing. To combat such damage, Ampex 
Corp., Redwood City, Cal., uses air to 
guide the tape in their new FR-600 
analog recorder, selected as the primary 
recorder/reproducer of a_ telemetry 
ground station for testing Boeing’s 
Minuteman ‘missile. Although the re- 
corder can handle up to 14 tracks of 
information over a frequency range of 
300 cycles to 250 kilocycles per sec- 
ond, Boeing chose a 7-track configura- 
tion using % inch wide Mylar tape. 
Standard reels, 14 inches in diameter, 
provide 24 minutes of recording time 
at 60 inches per second recording 
speed. 

Design goal for this application was 
750 hours of recording time without 
failure, where failure was defined as 
any departure from specified perform- 
ance during the life of the recorder. 
Fulfilling this requirement demanded 
utmost realiability in the tape drive. 


TAPE DRIVE SYSTEM 


The tape drive system on the FR-600 
is an optimized close-loop drive system 
consisting of a capstan, turnaround 
idler, and pinchrollers. The capstan 
and turnaround idler are both slightly 
less than 2 inches in diameter. They 
are machined from aluminum and their 
surfaces are “Sanfordized” with alumi- 
num oxide. Sanfordizing results in a 
surface hardened to the point that few 
elements other than a diamond can 
mar its finish. The capstan bearing as- 
sembly consists of suitably-loaded ball 
bearings supporting a capstan shaft 
tapered at both ends. The front taper 
carries the capstan surface proper and 
the rear taper carries a capstan pulley 
(flywheel). This flywheel incorporates 
a photoelectric tachometer to provide 
the control circuitry with the necessary 
information on capstan velocity. The 
turnaround idler also incorporates a 
photoelectric tachometer which senses 
the tape speed and relays this to the 


control circuitry. With a tachometg 
on the capstan flywheel and on th 
turnaround idler, action of the ping 
rollers, which press the tape againg 
the capstan, can be delayed until tap 
movement is up to proper speed, 
The tachometers on the capstan fy. 
wheel and on the turnaround idler cg. 
sist of many grooves on the individyj 
component which, when rotated, alloy 
modulation of the light passing throug) 
to a photocell. These modulated ligh 
signals are fed to the control circuity 
and compared by means of a summing 
circuit. Thus, when the frequency ¢ 
the turnaround is up to that of the cap 
stan, the pinch rollers are actuated ani 
tape speed is then controlled by th 
capstan speed. 
Both the pinch rollers and the cap 
stan assembly are precisely mounted ty 
the main frame transport casting. Thi 
parallelism between the pinch rolles 
and the capstan can be assured. Th 
pinch rollers are actuated by an ai 














Essential tape drive components of the Ampex FR-600 are 
shown at right. System consists of a capstan, turnaround 
idler, pinchrollers, tape guides, and magnetic record and 
reproduce heads. Capstan is large, perfectly-round com- 
ponent on left above. Turnaround is identical-looking com- 
ponent to right of capstan. Pinchrollers can be seen in 
position to clamp tape to the capstan. Record head is con- 
cealed by head-cover; reproduce head is being plugged in 
by operator. Tape guides are small, cylindrical-shaped com- 
ponents shown left of the capstan. 

Tape is driven past the heads by a “closed-loop” drive 
arrangement wherein the pinchrollers clamp the tape 
against the rotating capstan both as the tape enters and 
leaves the magnetic head area. Tape is turned around the 
turnaround idler, and the record and reproduce heads are 
located between the capstan and turnaround. The record 
head is on the upper side of the closed loop, the reproduce 
head on the lower side. During record operations the upper 
pinchroller has the tape clamped against the upper por- 
tion of the capstan. During reproduce operations, the lower 
pinchroller moves into position to hold the tape securely 
against the lower part of the capstan. 

The head assembly is electrically connected to the head 
cables as it is positioned on the head carriage. Each head 
assembly consists of a mounting plated with printed cir- 
euit connectors, head stacks (the exact number of stacks 
depending on the tape width, track arrangement, and type 
of head) and a cover. The entire unit is mounted on the 
tape transport by a single Allen head screw, which is acces- 
sible through a hole in the cover (this can be seen in 
center of record-head cover). 
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GENERAL 
PURPOSE 
RELAY 


(SERIES 130-140) 
THE MOST USEFUL RELAY FOR 
INDUSTRIAL APPLICATION 


These Relays are conservatively rated and are designed to 
ovide reliable, trouble-free service over long periods of time 
when used within the limits of their rated capacity. The space 
requirements have been reduced as much as practicable, consistent 
with good electrical practice. Approved by the Unterwriters’ 
Laboratories. mareye ie 

Typical applications include: motor control circuits; as a starter 
for fractional hp motors; operation of signalling devices; as a 
relay in circuits controlled by thermostats, pressure switches, float 
switches, photoelectric devices, etc. 


Relay will pass 20 million mechanical operations. 


NO OTHER RELAY IS SO VERSATILE 


Special design details have been incorporated in this relay with 
the aim of making it readily adaptable to a variety of applications 
for both the equipment manufacturer and the industrial user. Small 
size and compactness, long life, choice of mounting base, choice of 
coil oy ag (AC or DC), and choice of terminal connections combine 
to make the relay truly versatile. 





1. CONTACTS: High capacity; generous safety factor; will 
handle 20 amps, 115 volt 60 cycle AC or 24 volt DC. UL 
approved for 15 amps, 116 volt 60 cycle, 10 amps, 230 
volt 60 cycle. 


2. CONTACT ARMS: Rigid arms backed by compression springs 
provide self-cleaning contact wipe. 


3. CONTACT SUPPORTS: Moulded Bakelite supports provide high 
dielectric protection for both movable and stationary contacts. 


4. TERMINALS: Large binding-head screws accommodate #12 
wire or lugs. 








AUXILIARY CONTACTS 


(SERIES 131-141) 


Auxiliary contacts (SPDT) rated 5 amps at 110 volts can 
be furnished with relay or easily attached later if required 
(see No. 7 below). 










(SERIES 130) 


6 Ss 


5. HINGE PIN: Stainless steel ground to close tolerance assures 
contact alignment and long life. 


6. COILS: Interchangeable; replaced by removing one screw in 
base: continuous duty. 


7. AUXILIARY CONTACTS: (See illustration above). 


8. MOUNTING BASE: Metal strap shown is standard. Mounting 
options shown on reverse side available at no extra charge. 


9. FINISH: Cadmium Cronak. 


SIGNALS 





IO LONG BRANCH, N. J. 
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ENGINEERS 


Opportunities at Kearfott Today 


Parallel Expansion in Diverse Areas 


Long occupying a unique position in the fields of electronic and electro- 
mechanical components and precision instrumentation, Kearfott —in recent 
years — has moved more and more into the development of complete systems 
for Aero-Space Guidance, Navigation and Control. 


This has led to major staff expansion requiring a whole new organizational 
structure, in which a multiplicity of R&D Design and Production operations 
are now grouped in four main Divisions: the SYSTEMS, GYRODYNAMICS, 
ELECTRO-MECHANICAL and PRECISION COMPONENT DIVISIONS. 


Many new positions — at all levels — have been created, and a number still 
remain to be filled. All offer challenging opportunities for rapid professional 
development and personal advancement to able, ambitious engineers. 


Why not study the areas of opportunity now open—then see what Kearfott 


can offer YOU! 











I | | | 

SYSTEMS DIVISION GYRODYNAMICS ELECTRO- PRECISION 

3 DIVISION MECHANICAL COMPONENT 
lebrtial Guidance DIVISION DIVISION 
Digital Computers Sophisticated new 
Solid State Physics families of Gyros Servo Mechanisms Synchros 
Automation and (Floated Airborne Computers Servo Motors 

Control Attitude indicators Gyro Take-Offs 
Electronics Spin Motors Counters Torquers 
Optical Design Platforms). Special Instruments Resolvers, etc. 

Also Vibration Hydrodynamic 

Degree in EE, ME, & Shock studies studies Degree in EE, ME or 


Physics. Familiar 
with systems com- 
ponents such as 
amplifiers, gyros, 
ferrite products or 
control mechanisms. 
Ability to analyze 
overall units and 
contribute original 
R&D concepts. Broad 
background in cir- 
cuitry, logical design 
or mathematics. 








Degree in ME, EE or 
Physics. Familiar 
with gyro principles 
and related design 
and production tech- 
niques involved. 
Background in gyros, 
rotating components 
mechanisms, heat 
transfer or servo 
analysis. 








Degree in ME, EE or 
Physics. Familiar 
with servo analysis, 
feedback circuits, 
devices or comput- 
ers. Ability to design 
special purpose units 
and supervise 
through production. 








Physics. Familiar 
with precise rotating 
components and 
product application. 
Broad background in 
electro-mechanical 
devices, small mo- 
tors, servo packages 
or instrumentation, 
interest in design 
and/or production. 








Also Openings in Field Engineering, Sales Engineering and Proposal Liaison. (Not described here) 


Write in confidence to Mr. Paul Kull, Dept. 12-R 


KEARFOTT owision 
cP GENERAL PRECISION unc. 


1150 McBride Avenue ° Little Falls, New Jersey 


CIRCLE NO. 141 ON INQUIRY CARD 









SYSTEMS DESIGN 


cylinder. This use of the air cylin 
allows for a much greater pinch yj, 
travel and improves pinch roller yy 
tion. Since the air cylinder is Spri 
loaded, as the pinch rollers appro 
the point of contact with the capg, 
a damping action. takes place dye sarunasue 
the loading on this spring inside 4 smcror 
air cylinder. When the pinch 1oly | 











> 


are actuated, the actuation linkage g 
ceeds its 90° point, thus the ping 
rollers are held in place by the links 
and not by the air pressure behind j 
cylinder. Upon release of the air pg 
ure the spring inside the cylinder} 
enough force to retract the rollers 

their open position. = 














TAPE GUIDING 


Tape guiding is accomplished by 
of air-lubricated guides. The guidj 
consists of two lateral position guid HEAD CAF 
one just before and one just after  S2"' 


——- 
pinch rollers, and two _ tensioni ees 


aN 

























guides at the two reel positions. Tha “pY°" 
guides are designed so that the t 
is lifted from the surface of the gu 
by means of the air film. Also, by{ 

manner in which the air lubricates¢ biee 
tape from the surface of the guif 

Ampex has found that air-leakage x 

both sides of the tape results in a sf — 
centering action of the tape withint 
guide. The result is double-edge gui 

ing without the tape touching eif _ 

guide edge. A 

The air source is part of the pag tl —— 

matic system which consists of a cool — seranon ¢ 
pressor, filtering equipment, air pr 

sure regulating equipment, and flew diner: 

sary pumping and controls. guide ubri 

The two guides located just prioti} tape, and t 

‘= regulating | 

_§ drive moto: 

the transpo 

the pinch 

takeup side 

tape in an 

area. They 

tion. The « 

at the extre 

surface, an 

—# ing as well 

FP controls th 


Precision-machined tape guide. [§ torque mot 
guiding is accomplished by four # i}, takeup 
lubricated guides. These are @ motors for 
guides. However, they can be mant# of ta: ) 

rotated to accommodate either 1 pe). 

1” wide tape. Photo shows machinif® Tape TEN: 
top to accommodate 1” wide tape # T : 
machining for 1/2” tape can be #g “Pe tens: 
on the underneath side of guide. Wig *0sing th 
tape width is changed, the guides # €tsion gui 
pulled out, and rotated 180° to ac@™ Pressure is 
modate alternate width. All guides® tension an, 
interchangeable. # toa refere 
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Block diagram of the air tensioning servo system. 
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Flow diagram of the pneumatic system. The pneumatic system is used for tape- 
guide lubrication, actuation of the pinchrollers and head carriages, to sense broken 


ust prior} tape, and to sense the end-of-reel. System consists of a compressor, air pressure 
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the transport assembly. 


the pinch rollers on the supply and 
lakeup side of the capstan guide the 
ape in and out of the enclosed loop 
area. They perform only a guiding ac- 
tion. The other two guides are located 
at the extreme left of the tape transport 
surface, and are used for tension sens- 
ing as well as guiding. The upper guide 
controls the tension on the supply 


a torque motor and the lower guide on 
y Ps *} the takeup torque motor (these are the 
e manaiy, mOtOTS for the supply and takeup reels 
her 1 of tape). 

” hining TAPE TENSIONING 

ua @ Tape tensioning is accomplished by 
aide. Wig *MSing the pressure behind the two 
guides @ "eision guides. Ampex found that this 
° to seme Pressure is a direct function of tape 
guides and when properly compared 


ICAL 


} 4 reference provides a direct indica- 


MAY 1960 


_} regulating equipment, a filter, and a blower for cooling of the transport capstan 
+9 drive motor. Entire compressor assembly mounts in the Jower left rear corner of 


tion of tape tension. In this system the 
pressure sensing is accomplished by 
use of a photoelectric transducer. Air 
pressure on one side of the diaphragm 
is controlled through a known orifice. 
Air pressure on the other side is that of 
the air leaking through the guide. 
When tape tension is increased, air 
flow through that guide is decreased, 
thus the pressure is increased moving 
the diaphragm in the photoelectric 
transducer. Movement of the dia- 
phragm moves a piece of metal in front 
of a window and changes the light in- 
tensity passed to the photocell. Output 
of the photocell is fed to the control 
electronics, through two stages of am- 
plification, a magnetic amplifier, and 
back to the torque motor which cor- 
rects the tape tension. 




































































LIGHT WEIGHT 


ONE OUNCE MAX. 


SMALL SIZE 


ONE CUBIC INCH MAX. 


MINIATURE 
PRESSURE 


TRANSDUCER 
FROM COLVIN 






Actual Size 
1” dia. x 1” long 


This new model of the Colvin Minia- 
ture Pressure Transducer Series 401 
has all the outstanding features of 
the first model — plus a 50% reduc- 
tion in weight. 


High vibration performance 
+35G to 5,000 cps 
Pressure ranges 
Absolute, differential and 
gage pressures 
0-3 to 0-400 psi 
Differential pressures 
+3 to +200 psi 
Standard Nominal Potentiometer 
Resistances 
400 to 10,000 ohms 
Electrical Connection 
Pigmy receptacle or 
soldering terminals 
Mounting 
Flange or bulkhead 




















Write for complete information. 


COLVIN 


LABORATORIES, INC. 
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SYSTEMS DESIGN 


END OF REEL SENSING 


End-of-reel sensing is accomplished by 
use of two air posts, one between the 
supply reel and the supply reel guide, 
and the other between the takeup reel 
and the takeup reel guide. As one or 
the other of the reels approaches its 
empty position the attack angle from 
the guide to the reel changes. At a 
given point, which can be set by a turn 
screw on the post, tape will touch the 
post and shut off the low pressure air 
leakage coming out of it. This stop of 
air flow causes the pressure to increase 
thus causing a diaphragm to move 
which trips a microswitch and in turn 
is fed to the tape transport control cir- 
cuitry. Thus, the tape transport is 
stopped until someone manually presses 
a button to run the tape off of the end 
of reel or to rewind it. 

Broken tape sensing is handled in 
just the reverse fashion, by use of the 
takeup motor reel tension guide. In 
this case, when tape is broken, the air 
is allowed to leak freely, thus dropping 
the pressure and causing the dia- 
phragm in the tension-sensing trans- 
ducer to move to one end of its travel. 
At the end of travel it trips a micro- 
switch, which is connected to the con- 
trol circuitry and automatically stops 
the tape transport. At this point tape 
must be rethreaded on the equipment 
before any other load selection will 
function. 


Write No. 379 in Box on Inquiry Card 





Low Cost Ultrasonic Cleaner 


A transistorized ultrasonic cleaner is 
said to be the first compact unit sell- 
ing for less than $100. It will handle 
safely anything from tiny semiconduc- 
tors to meters and clocks, and from 
miniature bearings to gyros, as well as 
other components of electronic and me- 
chanical systems. Unlike tube-equipped 
ultrasonic models which consist of 
separate generator and eleaning tank 
units, the new transistorized cleaner is 
a self-contained unit. The base houses 
' the generator and a recessed circular 
barium transducer upon which is 
placed a 400 milliliter beaker contain- 
ing the cleaning solution. The transis- 
torized circuit receives about 40 watts 
of d-c imput and produces about 30 
watts of 65 ke output. It plugs into 
an ordinary 110-220 volt circuit, thus 
requiring no special power lines. Narda 
Ultrasonic Corp., Westbury, N.Y. 

Write No. 157 in Box on Inquiry Card 
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Fig. 1 The Alphadyne character generator. A character 
written so large that it covers the whole display is readable 
and remains readable until written so small that cathode 
ray tube resolution becomes the limiting factor. 


ALPHA-NUMERIC CHARACTER GENERATION 


Greater Size Variations Possible 


Use of a continuous line writing tech- 
nique generates alpha-numeric charac- 
ters in many sizes without sacrificing 
legibility. A transistorized character 
generator, called Alphadyne, devel- 
oped by Skiatron Electronics and Tele- 
vision Corp., New York City, New 
York, produces numbers, letters and 
symbols for display on any cathode 
ray tube. Combinations of strokes, 
which are part of a basic matrix, forth 
the characters. 


ONE OUTPUT LINE 
FOR EACH MATRIX 
STROKE 





COMMAND PULSE 
DIGIT ADVANCE 


SWITCH CLOSURE FROM 
CHARACTER SELECTION LOGICAL 


SOURCE prac LEVEL Wh 





ONE INPUT LINE 
FOR EACH CHARACTER 


Fig. 3 Block diagram of the Alphadyne character generator. Because the del 
tion and intensification voltages are derived from the same clock, no i 
problems are encountered. The digit advance output pulse allows the Aly 
to control a character selection source, such as a computer. The command 
allows the character writing to be synchronized from an external source. 


OPERATION 


Alphadyne generates X axis and Y 


deflection voltages which are combi 
at the display to cause a cathodet 


tube beam to continuously trace 


the matrices. Simultaneously, inter 
illumi 
those matrix strokes required tof 
the particular character desired. hn 
selection lines generate each charitl 
for as long as the logical voltage le 


cation voltages (Z axis) 
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fig. 2 (a) Any digit and some letters 
be formed from combinations of 
which are part of this matrix 
by Alphadyne Series 2000. 
() A more elaborate matrix of Alpha- 
ies 3000 contains sufficient 

grokes to write all digits and letters. 


(less than 15v d-c) is energized. Solid 
date switches, mechanical switches or 
rays can make connections between 
fhe character selection line and logic 
voltage. 

Clock rate is the character rate times 
the number of strokes in the matrix. 
The clock drives an n stage counter, 
where n is the number of strokes re- 
quired to trace out the matrix. One 
line per count, at the counter output, 
drives three parallel circuits. 

The X and Y logics select the pulses 
tobe combined and fed into the X and 
Y integrators, respectively. Character 
glection logic selects the pulses which 
intensify the matrix strokes required to 
fom the particular letter. For a more 
pleasing appearance, a fraction of the 
Xdeflection voltage is coupled into the 
Ydeflection output in order to tilt the 
duracters slightly. 

Alphadyne has no operating controls 
@ alignment adjustment other than 
power and mode select switches. Use 
# transistors and solid state diodes 
jaumough-out the unit achieves small 
tz, low power consumption, and high 
reliability. 

Write No. 251 in Box on Inquiry Card 
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WORTH BUYING 
‘Pitchnical Know-How From Europe 


Pilow can you learn at one glance the 
‘Pitest technical developments in Europe 
Prthout subscribing to hundreds of 
“mimals and without knowing foreign 
miguages? Many a manager or en- 
eer must have asked himself that 
Piston many times; the European 
FP ductivity Agency has found an an- 
Wer through its monthly publication— 
he European Technical Digests. The 
Piwlication is a unique service at the 
ig *Posal of industry in all countries and 
ram Continents. Every month over 1,000 
hnical journals appearing in thirteen 
ent countries and in eleven dif- 
Hetent languages are searched by quali- 
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fied engineers for information on new 
processes, methods, apparatus or ma- 
terials which could be readily em- 
ployed in industry without large capi- 
tal investment. The purpose of the 
Digests is two-fold: firstly, to spread 
from one country to another, irrespec- 
tive of language barriers, technical in- 
formation and knowledge likely to in- 
crease productivity; secondly, to cross- 
feed ideas from one industry to an- 
other. Although European Technical 
Digests also cover such sectors as glass, 
chemicals, leather, textiles and timber, 
they deal principally with all kinds of 
engineering and equipment, metallurgy 
and agricultural machinery; moreover, 



















much importance is attached to sub- 
jects of general interest, such as cor- 
rosion, materials handling, packaging, 
safety and management. As a free 
readers’ service, the European Pro- 
ductivity Agency supplies on request 
photocopies of the original articles on 
which the digests are based, and also 
additional information wherever possi- 
ble. The price of a yearly subscription 
is $12; of a six-monthly subscription 
$6.00. 


Write directly to: 

European Productivity Agency 
Organization For European 
Economic Co-operation 

2, Rue Andre-Pascal, Paris 











You think circuit 
design is old hat? 


We don’t! 


Give us handbook circuits which are “established” designs — we still 
find new aspects to investigate. Give us circuits to develop that must be 


reliable — we use the best available transistors, subminiature vacuum 


tubes, and other devices to design high performance circuits with feed- 


back — for airborne and surface radars, comprehensive sonar systems, 


communications and data processing systems. 
Our circuit design groups are well balanced. We have talented men 
with a variety of capabilities, engineer supervisors who understand 


your problems. Among us are those who keep abreast of advanced 
theories in such fields as network synthesis, who also know when to 
apply them and when not, where calculating ends and breadboarding 


begins. 


Our labs are brand new, technician support strong. There’s a 
“quiet corner” for everyone. You have an opportunity to get the broad 
view — learn about the systems of which your circuits are a part, 


follow them through to systems test. 


We’re key members of an engineering organization, operating in 
nobody’s shadow. If you share our attitude, let’s compare interests. We 
always need creative circuit designers, and encourage engineers to 
develop in this direction and to take Company and university courses. 
Opportunities are on East and West Coast. Please write in confidence to: 
Mr. Donald Sweet, Management and Professional Recruiting, Equip- 
ment Division, Raytheon, 624N Worcester Road, Framingham, Mass. 


EQUIPMENT DIVISION 








EXCELLENCE 
IN ELECTRONICS 
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Three-part bus bar contact 
assembly; triangular piece, 















Specialty Brazing Laboratory, Riverside, Connect- 
icut, brazes, among other things, a bus bar contact 
for Rolock, Inc., Fairfield, Connecticut, makers of 
fabricated metal products. While a relatively simple 
assembly, it points up the remarkable fluidity of 
Handy & Harman Silver Brazing Alloys. 

Both assembly components are copper. Base plate 
dimensions are 4” x 8%” x 2%”, and the 4” thick 
triangular piece is 3” on its base with 2%” sides. 

After cleaning, the joint area of the base plate is 
HANDY-FLUXED and a shim of Easy-FLOo 45,is placed 
on, the base plate and the triangular piece set upon 
the shim. Heating by Selas gas-air burners is done 
on a 50-second cycle. Alloy cost is approximately 









FIRST, BULLETIN 20 


This informative booklet will 
get you off toa good start on 
the values, techniques and econ- 
omies of low-temperature silver 
brazing. A copy awaits your 
request. 











EASY-FLO shim and base plate. 
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Note smooth, even fillet of completed ¢ 
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bly, how smooth the alloy fillet is. The capill Mh coe oa 
action of Easy-FLO causes it to flow out in tiiliitm digital 
directions, providing even joint penetration. The unite es 


single fact (without going into the qualities @il or two 
strength, conductivity, corrosion resistance, etg130” x 30’ 
makes Easy-FL0a natural for electrical applicatioi§ Mycle ph 
Handy & Harman has! readily at hand, extensigmigin powe 
data on the advantages of silver brazed joints ig mtting boa: 
electrical applications. We are always ready 4 ot 4 chan 
happy to discuss joining requirements and t@ =? 
niques with you. Your call or inquiry will bileoa. 9)” 
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complete and beneficial details. qo Seat oa 
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Source of Supply and Authority on Brazing Alloys: ™™ nt 
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i Oscilloscope 






ned for both single transient and 
ive phenomena in the millimicro- 
| and sub-millimicrosecond re- 
‘4a traveling wave deflection-type 
geope can detect and display 
mena lasting only 20 billionths of 
ond. Bandwidth is rated as d-c to 
‘megacyles, usable to 300 mega- 
Boks and rise time is 0.2 millimicro- 
Pyonds. For greater flexibility, two 
fiferent signals can be applied at the 
gme time. Display area may be varied 
fom 1 by 1.5 cm at 20 KV to approxi- 
mitely 3 times this size at 3 KV. Any 
dandard camera can take photographs 
through the illuminated reticle provid- 
ing a record of both the signal and the 
ticle. Edgerton, Germeshausen & 
Grier, Inc., Boston, Mass. 


Write No. 199 in Box on Inquiry Card 
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Brush Terminals 


Quick-disconnect terminal assembly for 
bushes facilitates brush replacement 
m any motor or generator in which 
the brushes are difficult to reach. The 
assembly consists of a stationary clip 
easily bolted to the machine, into 

#vhich either one or two terminals can 
usily be snapped. All parts are silver- 
pated beryllium copper for minimum 
msistance. National Carbon Company, 
N.Y. N. Y. 


Write No. 164 in Box on Inquiry Card 








} Data Plotting Boards 


Two completely transistorized analog 
ed asset tt Plotting boards specifically de- 
“anh Signe for plotting data from missile- 

Capa tmge instrumentation systems and 

L in tk mm digital and analog computers. 
tion. Al The units can plot one dec analog sig- 
jalities @uil, or two signals simultaneously, on 
nce, eiig230” x 30” surface. Equipped with 
plication M-eycle plug-in servo amplifiers and 
extensifg P in power supplies, these versatile 
joints im Matting boards can receive input from 
ready amu! 4 channels of analog input data. 
and te uzun plotting sensitivity of each 
will brag ese channels is 20”/volt. The plot 
‘Fitither direction is linear with respect 

PP input voltage to within +0.05% of 
‘Piill scale. Dynamic accuracy is +0.05% 
Pispeeds up to 10”/sec. Parallax con- 
permit location of the 0.0 point 
‘any desired location on the plotting 
Mace, Scale factor controls are pro- 
ded for all data channels. A combi- 
auon incremental-vernier control per- 
8 selection of scale factors from 

Mivolt to 0.2”/volt. Electrolumi- 


























OFFICES AND PUNE | 
ATLANTA, GA, 
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CHICAGO, Mle 
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OeTROIT, MICK 
LOS ANGELES, CMe 
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nescent panel provides completely dif- 
fused, glare free illumination without 
fluorescent distortion. Computer Sys- 
tems Inc., N. Y., N. Y. 


Write No. 216 in Box on Inquiry Card 


Recorder/Reproducer 


Two machines in one, a magnetic tape 
system records and reproduces both 
analog and pulse signals. Each of the 
seven video tracks covers an overall 
bandwidth of 400 cycles to 1.0 mega- 
cycles. At any one of its six speeds, the 
model is said to provide twice the fre- 
quency response of any similar equip- 
ment. For example, at 60 ips the sys- 
tem can record frequencies up to 500 





















ke; at 30 ips, 250 ke, and at 15 ips, 125 
ke. Single % inch tape travels at any 
one of six speeds from 7% to 120 ips. 
Compactness is achieved by combining 
electronics for both recording and re- 
producing in a single module for each 
track. Only half the conventional num- 
ber of electronic modules is required. 
A special highlight is that in the mega- 
cycle range it can record at 120 ips 
one microsecond pulses spaced one 
microsecond apart and then increase 
the time axis of the pulses by 16 so 
that they can be assimilated by a com- 
puter to reduce the data. Mincom 
Div. of Minnesota Mining and Mfg. 
Co., Los Angeles, Cal. 


Write No. 185 in Box on Inquiry Card 
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Widest Variety 


Highest Accuracy 
Size 8 Rotary Components 


4 


| 
ype : 


Clifton Precision’s size 8 rotary components have been tried and proven by customers over the past 4 years. More than 50,000 have been 
shipped. These are the most accurate and best tested (because they are use tested) size 8 rotary components on the market today. 
1. Terque transmitter (26v. input) 2. Torque transmitter (115v. input) 
(very hi Z) 6. Torque receiver (26v. input) 7. Torque receiver (115v. input) 8. Torque differential (le Z) 9. Torque differential 
(hi Z) 10. Electrical resolver (.5 t.r.) 11. Precision computing resolver (feedback winding) 12. Electrical resolver (1 tr.) 13. Linear trans- 
former (115v. input) 14. Linear transformer (26v. input) 15. Serve motor (1” length, .40 in-oz stall torque) 16. Motor generator (10v. input) 
17. Serve motor (53/64” long) 18. Servo motor (35v. center tap) 19. Serve motor (26v. center tap) 20, Motor generator (26v. input) 21. Serve 
motor (.30.in-oz stall torque) 22. D.C. motor (14v. input) 23. D.C. moter (28v. input) 


CLIFTON PRECISION PRODUCTS CO., INC. 


HEIGHTS, 
Sales Office: 9014 W. Chester Pike, Upper Darby, Pa.—Hilitep 98-1200, TWX Flanders, Pa, 1122 
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The Superior Flexible 
Coupling with the 
PATENTED Naugier Leaves, 


Note These Important Features; 

e ZERO BACKLASH « HIGH TORQUE CAPACITY e 

* CONSTANT ANGULAR VELOCITY « LIGHT WEIGHT e 
«SMOOTH, FRICTION-FREE POWER TRANSMISSION ¢ 

* STATIC AND DYNAMIC BALANCE « LOW INERTIA ¢ 
e IMPERVIOUS TO ADVERSE ELEMENTS OR CONDITIONS 


e GREATER COMPENSATION FOR DIMENSIONAL 
MISALIGNMENT 


Standard Sizes: 2", 34", 1°, and 1¥2" O.D. 


The NAUGLER Flexible Couplings are specified by leading 
Electronic Equipment Manufacturers. (Names on request.) 


Folder containing complete technical data and prices sent 
immediately on request. 
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NAUGLER ENGINEERING, INC. 


BEVERLY, MASS. 
CIRCLE NO 42 ON INQUIRY CARD 








Narrower 
MPB bearings... 
for a wider range of 
product improvement 


Developed under MPB's policy of working with customers 





to solve miniaturization problems, MPB thin-width bear- 
ings have proved ideal in a variety of instrument appli- 
cations. Made in nine sizes, with O. D.'s from .2750” to 
5000” and bores .0937” to .1875”, these standard-priced 
bearings may bring your own products exceptional 
advantages. For engineering assistance and/or new, 
detailed Bulletin 6002, write to Miniature Precision 
Bearings, Inc., 1305 Precision Park, Keene, N. H. 


MVE-B Helps you perform 


mtracles in miniaturization 
CIRCLE NO. 43 ON INQUIRY CARD 
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Switches And Switch Assemblies 








High-performance toggle switches and toggle switch 
blies are covered in a 32 page catalog that includes q 
selection of military versions that have been tested and 
proved under MIL-S-3950A, as well as pull-to-unlock, 
metically sealed “electrical memory”, rocker-actuated, 
miniaturized designs. 


Source: Micro Switch 
Freeport, Illinois 


For your copy: Circle No. 221 on Iquiry Card 


Miniature Capacitors 


High voltage midgets, metallized paper, Mylar of Te 
Kraft-Mylar and foil missile miniatures are some of 
types of high-reliability capacitors covered in a 16- 
catalog. Complete electrical specifications, tempera 
characteristic graphs and construction details are presen 
for engineering reference. 


Source: Electron Products Technical Information Service 
San Marino, Cal. 


For your copy: Circle No. 225 on Inquiry Card 


Miniature Bearings 





140-page “Design and Purchasing Manual” on mini 
and instrument ball bearings contains 22 engineering b 
tins discussing factors in bearing life and operation, 
with complete specifications on 370 standard bearings 
1/10 to % inch OD. Information includes: testing; pa 
ing; marking; correct procedures in ordering; data on radi 
play; runout and other technical considerations. A 
nomograph assists the designer in selecting bearings to 
life and load requirements. Complete instructions for use 
the nomograph are included. Catalog section covers di 
sions, design features, and calculated load ratings for plai 
flanged, shielded, extended inner retainer bearings, s 
wafer bearings, full race types and narrow shielded retai 


For your copy write on company letterhead to: 
Department EMD, 
New Hampshire Ball Bearings, Inc. 
Route 202, 
Peterborough, N. H. 


Laminates 





Applications, special features, detailed characteristics } 
sizes of Textolite industrial laminated plastic sheets, 
and rods are presented in a 16 page catalog. Included 
phenolics, silicones, melamines and epoxies with filler ba 
of paper, nylon, cotton, asbestos and glass fabric. Also@ 
ered are features and properties of copper-clad Jaminét 
for printed circuits. 7 





Source: General Electric Co. 
Laminated Products Dept. 
Coshocton, Ohio 


For your copy: Circle No. 222 on Inquiry Card 
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won't harm KARAK! 


5,000 degrees generated within 
a fraction of a second, couldn't 
crack or chip KARAK...exerted 
no effect other than slight oxi- 
dation of the surface. 


This heat-defiance has its uses! 












Request new, FREE complete 
KARAK technical brochure 


CARBON COMPANY 


12508 Berea Rd., Dept. 288, Cleveland 11, Ohio 
CIRCLE NO. 44 ON INQUIRY CARD 


WANT HEAT DEFIANCE? 
_ try KARAK 


4,000—5,000 degree Thermit eats through steele. 


s+eJust one quality of KARAK 
carbon-graphite...a chemically 
inert material most often used 
for rings, bearings and seals 
because of its self-lubricating 
nature, 













© PRECISION 
POTENTIOMETERS 
Single-turn Multi-turn 
® SYNCHROS 


®SERVO MOTORS 


®SERVO MOTOR 
GENERATORS 


© TACHOMETER 
GENERATORS 


© GYROS 
© SERVO 












ANALOG-DIGITAL CONVERTERS 


EPSCO DATRAC be go to Digital 


e Input +10 V. 
+ = 11 bit binary including sign 
& 


e Accuracy +.05% +4 the least 
= a digit 
« Revers e—digital input, analog output 
The Standard in the industry—see 
= — Electromechanical Design 














“OFF THE SHELF’? 
Precision Components 





Gt Low (ost 





Converter Model 


speed-approximately 45,000 
conversions per second 








AMPLIFIERS 


©GEARS & 
PRECISION 
GEAR UNITS 










Shaft “Position to Digital Converter 


e Decimal Output 0-9,.999 

e 100 counts per shaft revolution 

e Reliable—10 million revolutions at 
500 RPM 
of 28 VDC at 250 MA. 


EMAN DIGITIZER— 
odel A 4DT-S9 


with a make-break load 












@PRESSURE 
TRANSDUCERS 


© "SERVO-KIT" 
*"SERVO-SPEED 
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LIMITED QUANTITY OF NEW EPSCO 
AND COLEMAN UNITS AVAILABLE AT 
GREAT SAVINGS. WRITE — FUR- 
THER DETAILS AND PRICES 


VARIPLOTTER MODEL 2053 
One unused unit available $4980 


ELECTRONIC ASSOCIATES 
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WRITE FOR NEW, 
COMPLETE CATALOG 









PLymouth 9-2875 


SERVO SYSTEMS. 


14 CARMER AVENUE 
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New Flip-Loc Fastener 
WORLD’S FASTEST LINE CLAMP 


re) e Distortion-free 

osts" ee hoes 
S e High strength 
e Self-contained 


1. Cuts installation time 








2. Cuts maintenance and inspection time 
3. Cuts costly clamp replacement 
4. Offers extra strength for heavier loads 


The FLIP-LOC is a brand new TA exclusive. 
It is a completely self-contained fastener. You 
can open and close it quickly with just one 
hand. Integrated hinge makes the clamp 
stress-free, trouble-free, and simple to use. 
Made of 321 stainless steel, the Flip-Loc is 
available in your choice of insulator cushion 
liners: Neoprene rubber (general purpose), 
AW (aromatic fuel and weather resistant), 
and corrugated stainless (extreme high tem- 
perature). The Flip-Loc is available in sizes trot to it! ) 
from % to 6” in diameter. S 





Write for free literature which describes the 
new TA Flip-Loc in detail. 






Write for free Engineer- 
ing Design Manual. 
Bulletin 210G (94 pages) 


. 


Ta Mfg. Corp. enews Sqeceee 
t 
4607 Alger Street * Los Angeles 39, Calif. anon Reonsselan 


(or call CH 5-3748) 
TWX 9863 Glendale, Calif. « WUX CAT Los Angeles, Calif 
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Speed Tying 
Operations / 








application. 








WRAP TWIST 


NO KNOTS 
TO TIE! 


Cut your tying time in 
half! Hanscom-Ties are the 
fast, sure way to bundle 
wires, cords, coils, etc, 
Nothing to tie. Just wrap 
‘em around and twist. For 
temporary or semi-permanent 
holding. Available in cut lengths 
1” to 24” and on spools — bright 

colors or printed. Prices from 26¢ 
per thousand. WRITE FOR SAMPLES 
and TRY ‘EM YOURSELF. 











% Cheaper than String 
%& Faster than Tying 
% Sure Grip 
%* Colorful 



















H.F. Hanscom & Co., Inc. 
12 Viegiola § Avesse 
Providence §, @. 1, USA. 









Top view of Hanscom-Tie 
és shown. Bottom is flot 


0 
Manscomp-Ties. 
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DESIGN TIME SAVER 
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FASTENING DESIGNFC 


fC ammened to other, more esoteric, problem 
areas of engineering activity, fastening problems 
and solutions appear mundane. But hardly any 
advance in new components or systems—whether 
for military, industrial or consumer application 
takes place without a fair share of time spent on 
the design of new types of fasteners or the selec- 
tion of available fasteners to solve joining 
problems. Indeed, the fastening problem in many 
cases may be a determining factor in new de- 
signs or configurations. 

As a “design time saver” the editors of 
ELECTROMECHANICAL DESIGN print this 
“short form” handbook of fastener selection pri- 


s 





marily based on material compiled by engineers 
at Central Screw Co. in Chicago, Illinois. To this 
as indicated in various categories, we have added 
selected fasteners from other companies to round 
out the organization of designs for speed, inserts, 
safety, simplicity, appearance, adjustment and 
sealing. 

This collection is by no means complete, nor 
does it represent an industry wide survey on 
what is available from whom. Over 100 fasten- 
ing methods can, however, function as a starting 
point toward the solution of your fastening prob- 
lems. Most of these fasteners are available from 
local suppliers. 
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DESIGNS FOR SPEED 








Vv UL; 


1. Combining wood screw threads to 
wings results in speed of adjustment 
when applying thumbscrews to wood. 











| 


2. Stamped wing nuts “spin on” in 
assemblies requiring long thread take- 
up; ideal for both speed and economy. 
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3. Speed and convenience are com- 
bined in the special indented hex- 
washer head. One piece washer de- 
sign permits large area coverage and 
protects against wrench disfigure- 
ment. 


ie 


4. Add speed to your production 
lines by using automatic air or elec- 
tric drivers with Phillips recessed 
heads to protect enameled surfaces 
from driver slippage damage. 











Yas 
MMA i10404938 =F 







5. Acorn head design delivers both 
speed in assembly and protection fot 
finished surfaces against wrench dit 
figurement. 


== 





6. Hexagon head self tapping screws 
speed up the tempo of productidl 
lines when tapping through thick#) 
sections with maximum applicablt 





wrench torque. 
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8, For fast | 
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real speed 
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SPEED 














ng 7, Reheaded fasteners provide a fast 
means of assembling spacers when 
provided with hexagon collars. 
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“ny 8, For fast hammer driving into wood, 

plastic or metal, drive screws offer 

‘Pel speed advantage. Covers, name- 

vers both § Plates, metal to metal assemblies, 

sction for § Métal to wood or wood to wood; per- 
ench dis @ Manent and tamper proof. 





ng screws 

roductial 9 Production speed is greatly in- 

hh thick#§ ceased when pre-assembled Sems 

pplicable§ lock washer and screw are specified 
% one complete unit. 


INSERTS 
SAFETY 
SIMPLICITY 
APPEARANCE 
ADJUSTMENT 
SEALING 




















10. Double chamfered machine 
screw nuts can be assembled in au- 
tomatic machines. Both sides are right 
sides to save “turn-over” labor dol- 
lars. 


B 
B 


11, When assembling light gauge 
sheet metal, self tapping screws offer 
both speed and economy. 





12. For fast attaching of threaded 
members to sheet stock, welding 
screws offer the most efficient de- 
sign. 
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13. Special annular threaded mem- 
bers driven into place offer quick 
locked-in assembly methods. 









VL LLa._ I KL hdlhe 


14. Plain washer Sems screws save 
time-provide added head surface re- 
quired to fill up large clearance holes. 





ned 
I is 
ox \Ga 7 Oe 












15. Special (annular threaded) drive 
pins speed up assembly time in at- 
tachments in plastics. Just drive them 
in like a nail. 
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16. Thread SS screws eliminate 
all costly tapping costs in securing 
metal to metal assemblies and pro- 
vide a fast perfectly mating threaded 
section. 





17. Special “terminal end” screws 
are both excellent fasteners and also 
provide fast snap on electric con- 
tacts. 





NN 
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18. Thread cutting screws offer the 
fastest method of assemblies without 
fear of breakage. 




















19. Double washer assembly Sems 
screws offer fastest way to economic- 
ally apply lock washers to plastic 
material; large plain washers span 
slotted areas. 








20. Clutch head screws speed up 
- driving time—provide sturdy driving 
bits for application requiring high 
tightening torques. 
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21. Dog Lh screws ZA ex- 
cellent means of safe pre-assembling 
before screws are tightened into place 
—speed up assembly line operations. 














22. Special Acme threaded fasteners 
provide strong, fast and sturdy vibra- 
tion-proof assemblies when used with 
proper speed nuts. 








23. Special designed neoprene wash- 
ers preassembled to plain or recessed 
underhead surfaces offer perfect, 
quick threaded sealant fasteners. Pro- 
vide perfect seals against weathering 
or chemical acids. 





























24. Thredlock (patented) fasteners 
provide an excellent, fast built-in 
locking feature for designs where pre- 
locations are well determined insur- 
ing against failures from excessive vi- 
brations. 
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25. Di-Nuts—a new (patented) self 
threading nut that offers real speed in 











































assemblies requiring a cast stem » 
unthreaded stud to be permanent) ZA 
“4 


assembled—vibration proof. 
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chats | pumice Prob 
26. Special enamel reaming thre 
cutting screws offer appliance ma 
facturers a real answer to as embh 
problems. Here is a special threak 
fastener especially designed to x 
move troublesome excess ena 

around punched holes to pen : 

crack-free use of speedy thread gif 30. Lockin 


ting screws. Also for paint filled pod plished in f 


ets when dipped. ak turn fe 
Div. of Sor 


Pa. Swagec 
tive operati 
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fastener ha: 
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27. Special struck pronged heads# 
fer the ideal solution for attach 
threaded members to plywood, gril 
board, soft plastic and other pam 
fast—with the lowest overall asse 
cost. 





31. Quick- 
et of Alba 
closes with 

‘BP eecting wh 

‘curved shee 

28. Schweppe self tapping and & holed. No 

ing studs—(patented) can s gly initial 

semblies. Design provides 4 spri 
threading and locking base stud ¥ taken by sc 
perfect mating internal threads, 43 Teceptacles 
bodied unthreaded _ shank, material 
tightening member thread, and 8 lance of de 
many re-assembly field problems. ian dimple 
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99. Keps nuts are internally thread- 
ed, celf-locking, complete unit—one 
piece-one inventory; perfectly bal- 
anced engineering with speed in as- 
tembly and assurance for all mainte- 
sance problems. 





ing nre: 
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O assem 
al threade 
1ed to 5 
SS ena 


to pen - 
thread qf 30. Locking and unlocking is accom- 


filled poll plished in fractions of a second with 
a % turn fastener made by Southco 
Div. of South Chester Corp., Lester, 
Pa. Swaged nose gives lasting, posi- 
tive operation. When locked, the joint 
is tightly sealed by compression of a 
mgged leaf type receptacle. Con- 
forming to Mil-F-5591A (ASG), the 
fastener has high tensile and shear 
#strength and a high strength-weight 
ratio, 
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B31. Quick-Lock by Simmons Fasten- 
tt of Albany, New York, opens or 
closes with a 90 degree twist, is self 
# eting when unlocked, works with 
}uved sheets and slightly misaligned 
g andi - No special tools are needed; 
,é initial loads are carried by the 
les & spring; increased loads are 
e stud # taken by solid supports. Screw type 
-eads, alm eptacles accommodate wide range 





















1k, peti of material thicknesses through var- 
and sol Mee of depth of receptacle installa- 
sblems. § “ dimple. 

car vésie NAY 1960 


















































32. “Speed-Nuts” can be made in a 
variety of configurations to meet the 
needs of a specific design. All designs 
are similar in function in that they 
spin down easily, lock securely with- 
out extreme torques, accommodate 
wide variations in standard thread 
dimensions, and pound for pound of 
holding strength they weigh less than 
ordinary nuts. 





DESIGNS FOR 
INSERTS 
























33. Inserts for thermoset plastics 
should provide both correctly de- 
signed shoulders or collar sections to 
resist outflow and proper antirotation 
means such as special diamond knurls, 
ribbed or finned shoulders. Special 
designs available to provide electri- 
cal contacts, spacers, for economy 
molding practices. 





34. When molding insert screws in 
hard rubber, a shoulder seals the part 
in. 








35. Special straight fluted or knurled 
sections present easy press-on assem- 
blies to combine insulating plastic 
knobs for proper final designs. 























36. For thin sections of rubber 
moldings, shoulder of insert locks 
mold against leakage onto threads. 
Low type head has indented sections 
to resist rotation and broad pressure 
surfaces fo rstrength. Brass plated for 
better (improved) vulcanized bond. 











37. Applying threaded or rivet type 
inserts to plastic knobs is simple with 
a shoulder to locate insert correctly 
in mold. Coarse diamond knurl pre- 
vents rotation. Threaded or riveting 
ends are available. 
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Life @ Infinite Resolution « 
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38. Specially split top metal sections 
plus sealing collar permit great free- 
dom of design with all types of ther- 
moset materials. No cracking of plas- 
tic material yet positive protection 
against both rotation and pull out. 


Wt 








39. Special tapered designed shoul- 
ders (single or double) offer the com- 
plete answer to successful product 
design, greatly reduced mold cost and 
freedom to choose several different 
thread diameters. 





40. “Heli-Coil” Screw-Thread In- 
serts and Screw-Lock Inserts are 
available for original equipment de- 
sign applications, and in their Shop- 
Pack form can be applied to proto- 
type experimentation. “Heli-Coil” 
Screw-Thread Stainless Steel Wire 
Thread Inserts are available in Na- 
tional Coarse and National Fine 
Series up to 14” in Screw-Thread 
and 1” in Screw-Lock. Meets MIL 
and NAS specs for locking torque and 
vibration. 


ANVIL 








——— MANDREL 

















41. Stainless Steel inserts by 
Shear Rivet Tool Company, Torrang, 
California, are used in designs calling 
for load bearing, wear resistant 
locking threads for use in material 
such as plate or cost aluminum. Ty 
principle of assembly is to pull their 
ternally threaded expander into th 
externally grooved sleeve which i 
prepositioned into a drilled work hole 
Meets MIL-N-25027 (ASG). 








42. SLIMSERT, developed by } 
san, Inc., of Newport Beach, Calli 
nia, is a thin well locking insert t 


exceeds MIL-N-25027 specs. It hai P 
wide temperature range, light weighi ay 


positive external locks, minimum é@ 
distance and resistance to corrosill 


Internal thread lock is standard in@y 
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get free operations. 
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DESIGNS FOR 
SAFETY 
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To attach threaded members 
‘ y to metal or other material, 
ye either welding or riveting double 
duty special studs for added safety 
and security. 


ANDREL 





44, Lock washer pre-assembled 
srews protect against vibration. 














45, One-way head screws protect 
ittachments, offer low cost theft dis- 
@uragement. 
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7%, Undercut straight side binder 
d screws protect braided electric 
against “shorts” due to fraying 














, Combination of two features ap- 
ud to a TV set design: (patented) 
Mot head slots stop homeowners 

fddling and spinlock insures fur- 

f against do-it-yourself dangerous 














TAKE A 
LOOK 

Al THE’ 
GUTS OF 
HANDLEY'’S 
WEETRIM 


Potentiometer that will Standardize 


the Indus try The Handley WeeTrim trimming potentiometer 

will standardize the type...and, as with other Wee Line products, WeeTrim is 
manufactured under strict quality control. Lightweight, wee in size, 
extremely stable, and WeeTrim has the other exclusive Handley Wee Line 
features. Write today! Literature will be provided immediately. 


HANDLEY wc. 3 


12960 PANAMA STREET, LOS ANGELES 66, CALIFORNIA 


HANDLEY REPRESENTATIVES 














ACTUAL SIZE 











CALIFORNIA FLORIDA MINNESOTA OHIO 
Handley, Ine. Specialized Equipment Ca, G. E, Arneson & Co, C. A. Robinson C 
ith Fanaa St box Nov323, Cokoe Bech «$407 Holdridge Lone, Woyzato 4143 Maylield Koad 
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450908 Steen Froncaco. _ilingar Sal Hwy.. Chicago 3) Box No. 8467, Kansos City Samuel A. Jefiries, Ine. 
ARIZONA MASSACHUSETTS NEW JERSEY 105 Forcast Avenue, Nes 
EJ Folay & Asociote Electronic Components & John W. Richardt Coy pa 9 mE a 
3840 N. Jokake r., Scottsdale SOUS stom Aven, Boston 16 Pine Brock 309 Meadows Bldg.» Dalles 6 
COLORADO MICHIGAN NEW YOR WASHINGTON 
Howell Sales, Inc, Willis L. Trombley & Son Jacobson Co., Inc, Howell Sales, 
4637 Dudley, Arvada . 9035 &, Grand Bivd., Detroit 2 1306 Kenmore Ave., Buffalo23 2029 Maine Bivd.,Seattle 2 
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CONTENTS OF 
HANDBOOK NO. 1 


—— 


. Instrument Servo Motors 


2. Precision Potentiometers 


ometer Transducers 
. Environmental Testing 
. Sensitive Relays 
. Connectors and Fasteners 
. Analog-Digital Converters 


. Electromechanical Switches 
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. Fractional Horsepower Motors 





3. Electromagnetic and Potenti- 
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PRACTICAL AND COMPLETE 


This handbook is designed specifically to give th 
busy design engineer a complete survey of eath 
subject. To enable him to select and specify the 
proper components. 


Each category is thoroughly examined and dott 
mented. You will find complete E 

Descriptions of types, sizes and measurements 

Construction Information 

Design Applications 

Selection Factors 

Performance Characteristits 

Military Specifications 

Reliability Assessments 

Nomenclature and Definition tables 


Every subject is extensively illustrated wil 
photos, charts, tables, diagrams and exploded view 
of components and their performances. 





If you were to assemble all the data from alld 
the sources involved it would fill four filing cabinet 
and require an assistant to keep it in proper ordet 















We hold no animosity against filing cabinets | 
girls. Quite the contrary! That is the ideal way @ 
process information. If, however, your budge 
doesn’t permit such luxurious facilities, Componell 
Digest Handbook No. 1 will afford equal efficient 


with no distraction whatsoever. 
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Four (4 

filing cabinets 
in one handy 
handbook 


COMPONENTS DIGEST HANDBOOK NO. 1 


18 months ago this magazine—ELECTROMECHAN- 
ICAL DESIGN— initiated a series of definitive studies 
of important electromechanical components in use 
today. The series is titled “(Components Digest” and 
they have been a widely acclaimed feature of the 
Magazine ever since. 


Response from our readers has been overwhelming. 


“Most dog-eared reference work in our section.” 

“Invaluable! Should have been done years ago.” 

“First time I have had all of the information at 
my finger-tips.” 


mail to 


Many of the comments ended with this request. 
“Why not combine these digests into book form.” 
That’s what we’ve done. Collected nine (see con- 

tents list on opposite page) of these exhaustively 

researched studies and bound them together into 

COMPONENTS DIGEST HANDBOOK NO. 1. 

It makes a rich sourcebook of design information. 
One that neither you nor your company can afford 
to be without. 

The price is easy. $5.00 before June 1; $7.00 there- 
after. Available on or about June 25. 

Better order now while you have it in mind. 


ELECTROMECHANICAL DESIGN 
1357 WASHINGTON STREET, WEST NEWTON 65, MASS. 


Please send me 


copies of Components Digest Handbook No. 1. 


| enclose payment at the pre-publication price of $5.00 per copy. 


NAME (please print) 
COMPANY 
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PLAST 


Type 3173 
%" dia. rotary 


Type 2064 


rectilinear 


Type 3033 
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Dual-element rectangular 


1%" dia. rotary 
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48. A unique cold heading job re- 
duces production costs; pressure bar 
of special bronze insures safe and sat- 
isfactory locking means for solderless 
wire connections. 














49. Locking notch protects against 
slipping adjustments. Small depres- 
sion built into design fits correspond- 
ing notches provided on wing nut. 





50. This special headless Phillips re- 
cessed ball pointed set screw offers 
real safety in design—will not catch 
on clothing yet can be tightened with 
standard drivers. 
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51. A rare combination of design 
and cost saving simplicity. Special 
double collar and fast lead thread per- 
mits quick adjustment while de- 
pressed head design guards against 
tampering. 
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52. “LONG-LOK”, self-locking ip § 
sert on Parker-Kalon Socket Screws 
performs over a wide range of tem 
peratures with superior thread @ 
gagement, high torsional resistance, g 
self-locking drag and resistance ty 
shock and vibration. 









CLEARANCE 


56. Mc 
head sp 
assembl 





53. Socket screws make use of 4 
compressible nylon pellet to insur 
positive holding power despite shock 
and vibration. The pellet compresses 
as the screw advances forcing mating 












threads together for positive gripping § 57, Ap 

Fasteners are reusable, will stay§ teners — 

locked at any depth without sealing probler 

(and so can be used for adjustments) § al featu 

and will seal against liquids and gases 

at moderate pressures. 

54. A high torque Unbrako socktt 

set screw made by Standard 58. Si 

Steel Co., Jenkintown, Pennsylvanij— eq adju 

has a knurled cup point for positive heading 

self-locking. Fully formed plied at 

maintain continuous grain flow, Pl! E ed shan 
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THREADS 
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THREAD 


use of 4 
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pite shock 
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ng mating 
> gripping 
will stay 
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justments) 
and gases 

















yenting shearing and a controlled root 
radius adds strength. Deep socket 

ides maximum key engagement 
and wrenching power. Meets applic- 
able mil specs. 





DESIGNS FOR 
SIMPLICITY 











56. Molding screws requiring large 
head spans—provide for simplicity in 
assembly. 























57. Applying internally threaded fas- 
teners to wood simplifies assembly 
problems when adjustments or remov- 
al features are required. 











58. Simple combinations of extend- 
ed adjustments available through re- 
heading methods; collars can be ap- 
plied at varied locations along thread- 
ed shanks, 
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NEW MARK II RELAY 


Insures ULTRA-reliability under most extreme 
environmental and operating conditions. 


Revolutionary new WEDGE ACTION supersedes 
and surpasses “Wiping Action.” 


Contact pressure constantly increases 
during over-travel. 


@ Temperature range: — 65°C to 200°C. 

@ Contact bounce: NONE. 
Operating vibration: 5 to 2,000 cps, 30 G’s. 
Operating shock: 100 G. 

@ Contact rating: dry circuit to 2 amps. 

e. Extremely low contact resistance. 


BRIEF DESCRIPTION: ‘Six pole, double-throw, 
hermetically sealed. Meets and exceeds spe- 
cificafions MIL-R-5757C and MIL-R-25018. 


PAT, NO, 2,866,046 Write for illustrated literature. 


ELECTRO TEC corp. “™az™ @) 


P. 0. BOX 37S, SOUTH HACKENSACK, N. J. BLACKSBURG, VA, ORMOND BEACH, FLA. 
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SAFE! SIMPLE! 


ACCURATE! 
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63. Special copper or bronze electri. 
cal contact screws simplify both de. 
59. Single point, one sided welding signs and assemblies of many com. 
fasteners simplify assemblies in at- plicated electrical switches. Hexagon 
taching threaded members to metal and square shoulders resist rotation 
plates. and smooth, well-developed upper 


contact surfaces provide many re. 
F quired combinations. Special points 
‘ / offer faster assemblies at no increased 
1 


\ 4 costs. 
+ 4 
\ ei? eerie Gok * 
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BREAKDOWN 60. Simplicity and economy are I 
both obtained when small wrenches 68. Sin 
TESTERS are needed for adjustment, especially ) tubi : 
when given away with products. : a 
Complete line of units designed for test- 4 pierce: 
ing in accordance with ASTM D-149 and Federal 
Spec. LP-406, Method 4031, used for determina- 
tion of dielectric strength and breakdown voltage am , 
safely, simply and accurately in the laboratory or \Z\ nage gene steed! bec 
on the production line. SS Se. erys atc 
=: assemblies. 
FEATURES 

@ Completely self-contained 
@ Automatic rate of voltage rise 
@ Plug-in test electrodes 
@ Retention of voltmeter reading after break- 

down 
@ Dual range units available for maximum ver- 

satility, up to six voltmeter ranges 
in addition to the standard models noted below, | 61. For attaching machine screw : 
special models incorporating higher output ratings | threads to wood sections—special s 
and a number of metering systems including pri- | hexagon collared fasteners are avail- 
mary metering, direct secondary metering, and able to meet all applications, offering 
digital output with recording can be provided. a simple and inexpensive design. 

SINGLE DUAL 69. Sp 
PA-5-152 PA-5-255 PA-5-502/102 and reli 
PA-5-155 PA-5-502 PA-5-252/052 provide: 
Sauer * ia a PA-50-1005/205 65. Hook Locks combine both ad- as a swi 


justment and simplicity of design. 
ARC RESISTANCE TESTER 


Used for measuring the abil- 
ity of insulating material to 
withstand high-voltage low- 
current arcs. Supplied in 
conformance with ASTM 
D-495 and Federal Spec. LP- 
406 Method 4011.2. Simpli- 
fied operation includes auto- 
matic stepping and timing, 
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di d 
ieee seca 70. i 
personnel. tex, D 
___ Complete catalog of Elec- retainin 
LEIA trical Test Equipment provide 


available on request. 66. Special or standard projection high loz 











ie 
weld nuts simplify many complicated easily 
Industrial assemblies. Projection reduces usual f and pr 
per=-a FPP S61 62. Spacer requirements can be both spot welding costs, special extruded J ing and 
ae ee simply and economically made by ap- _ section not only locates unit but deft § accomn 
y.N plying reheaded products, guarantee- nitely protects against welding flash spacers 
ing spacing limits at all times. eliminating all retapping operations. squeaks 
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67. Here is simplicity plus dollar 
savings. A spring steel stamping— 
tapped, heat treated, a special plated 
screw assembled, staked over and 
backed locked to a guaranteed inch 
pound bread-out torque. 


























68. Simple adjustments of rods or 
tubing are able in flattened and 
pierced closed eye bolts. 














69. Special heat treated flattened 
and relief pierced extruded collar stud 
provides a genuine assembly saving 
as a swing pivot. 





70, Plasti-Grommets made by Fas- 
tex, Des Plains, Illinois, are self- 
tetaining, blind screw receptacles that 
provide high holding strength and 
high load carrying capacity. They are 
easily snapped in place, lock tight 
and provide insulation at the fasten- 
ing and corrosion resistant. They also 
accommodate mi-alignment, act as 
spacers and assure freedom from 


Squeaks. 
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FAST SERVICE —LOW COST BALLS 
BOBBINS 
SIZES: Ye" to 2%’ — LENGTHS: \,” to 9” BUSHINGS 
LUCITE COLLARS 
New e-x-p-a-n-d-e-d production facilitie PYAGRYLIG FINIALS. 
‘ P P onow ACETATE GROMMETS 
give you ACE PRECISION on all types of screw cacy BUTYRATE HANDLES 
A EPOXY RES! MECHANI 
machine centerless ground parts and special —etuyi CELLULOSE CHECKS. 
; KEL-F NAME. PLATES 
shapes...all colors... all materials. LAMINATED BAKELITE PINS 
NYLON PLATES 
POLYETHYLENE PLUGS 
% STYRENE COPOLYMERS RINGS 
TEFLOW SPACERS 
Write, wire, phone for samples, prices and bulletin F listing A yated 
stock items. Send specifications or blueprints for prompt quo- STRIPS 


tations on specials. 


ACE PLASTIC COMPANY 


91-44 Van Wyck Expwy., Jamaica 35, N. Y. JAmaica 3-5500 
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Over/under speed control 


TRANSISTOR TACHOMETERS 


.. FUNCTION 3 WAYS: (1) Safety control for all rotating equipment. (2) Con- 
tinuous speed indication. (3) Pickup eliminates conventional tach generator. 
Adjustable 


ee ELECTRO-TACH 
Speed Control fo one RPM 


with meter accu- GEAR 
racy of 2% full- 
scale reading. 

















MODEL 30I0-AN 











Write for bulletin giving 100's of combinations from standard components 


ELECTRO PRODUCTS LABORATORIES 
4501-F North Ravenswood, Chicago 40 


Canada: Atlas Instrument Corp., Ltd., Toronto, Ontario 
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YARDNEY 
SILCAD*® 
BATTERIES 


You’ll use and reuse your YARDNEY 
SILCAD over 2,000 to 3,000 partial cy- 
cles...300 to 500 complete discharges. 
Here is true year-in, year-out economy! 








This, among other factors, explains 
why the long-life, maintentance-free 
YARDNEY SILCAD is being used more 
and more in military and commercial 
fields — as a compact, lightweight and 
rugged power source in portable TV and 
radio and tape recorders .. . in radio- 
controlled models...in electric cars and 
trucks ...in photographic equipment 
such as lighting, photoflash and camera 
drives... 


YARDNEY 
ELECTRIC 
CORP. 


“Pioneers in Compact Power” ® 
40-50 LEONARD STREET, NEW YORK 13, NEW YORK 


Patents granted and pending. 
©1960 by Yardney Electric Corp. 
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71. Neat appearing Phillips recessed 
head on hardware enhances appear- 
ance of finished product. 


oe 





72. Offset welding screws provide 
ideal means to maintain smooth ap- 
pearance in hard-to-assemble offset 
applications. 





73. The smooth, low, large area truss 
head screw improves the streamlining 
of products which require outside as- 
semblies, improving general appear- 
ance. 
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74. Inside welding assemblies of 
threaded members maintain a neat 


looking finished product. 


75. Special decorative head screws 
add to the finished appearance whey 
applied to cabinets or escutcheop 
plates. Screws can be finished ip 
matching colors. 


=!®@ @ 
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76. Special cross slots and tri slots 
improve general appearance of prod 
ucts that must be assembled from the 
outside with standard drivers. 





77. Dummy hinge pin ends @ 
matching contour permit great flex 
bility in design and rigidity of cor 
struction, adding modern look. 





78. General customer acceptance of 
products requiring adjustments cal 
be increased by providing a n 
coined thumb section. 
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79. Special locking “Spin lock” 
screws with Phillips recesses are pro- 
vided with outer rim to appear as if 
they are set into a finishing washer. 









NEW ! 
miniature 


1 screws 
ce when 
cutcheon 
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80, Illustration shows how added 
appearance with economy in assem- 
bly is obtained by Sems finishing 
washer applied when washer should 
turn on final assembly. 


for 
LINEAR 
MOTIONS | 





a DESIGNS FOR 
ADJUSTMENT 



























LOW FRICTION and WEAR 
LASTING PRECISION ALIGNMENT 
ELIMINATE BINDING and CHATTER 
ZERO SHAKE or PLAY 
LONG LIFE—LOW MAINTENANCE 


81. Locking adjustments requiring 
SF double spacing are well provided in 
specially designed reheaded products. 
Notched collars offer permanent set- 
tings for proper adjustments of 








—— SOLVES SLIDING LUBRICATION PROBLEMS 
, f con- 
adi Used by progressive engineers in the latest guidance, 


fire control and navigation systems, computers, inertial 





y devices, instruments. 
() Various types of BAL BusHinGs are made for shaft sizes from %” to 4”... 
V Reeds: . with small sizes available in Stainless Steel. Write for literature and name 
82, Gears, worms and other accept- of our representative in your city. 
ed means of counting or adjusting can 
tance d{ % combined in specially designed 


ants an threaded and trimmed products, of- 
fering many combinations for flexi- 


a neal | bility THOMSON INDUSTRIES, Inc. 
Dept. A, MANHASSET, NEW YORK 
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ViLur 
DIALL 


molding compounds 
CHEMICAL 
RESISTANCE 


GREATER 
than any other 
comparable 
molding compounds 


Recent tests of Mesa Diall 
molded parts in different 
chemicals show unusually 
high resistance to chemical 
disintegration. In the field, 
a Mesa Diall compound 
shows indefinite resistance 
to 45% solution potassium 
hydroxide...other plastic 
materials actually fell apart 
within 2 months on 
exposure to this solution. 


Write Today for test data 
on chemical resistance of 
Mesa Diall! When you need 
chemical resistance ... 
specify Mesa DIALL! 


SS ae 


Remember DIALL... 

Easy to Mold 

Easy to Machine 

No Post-Mold Shrinkage 

Resistant to Solvents 
and Corrosives 

Unaffected by Moisture 

Fungus Proof 

Does Not Corrode Metals 

All Colors Available 


Please address all inquiries regarding 
Diall molding compounds to 
MESA PLASTICS COMPANY... 
12270 Nebraska Avenue 
Los Angeles 25, California 
Dept. 21 





CIRCLE NO. 57 ON INQUIRY CARD 










DESIGN TIME SAVER 





83. Knurling and special pointed 
bearing surfaces may be combined to 
permit smooth, inexpensive pressure 
adjustments for all field problem re- 
quirements. 





84. Specially designed threaded and 
flattened members offer both positive 
thinline welding crossbars plus loca- 
tion lugs. These designs offer ideal 
tightening members for large hard-to- 
handle stampings. 


Ze 


85. For adjustments against slotted 
metal bracket areas, shoulder thumb 
screws give simple, inexpensive yet 
adequate thumb adjusting locking 
surfaces. 


I= 











86. Applying special hinge pins or 
swivel assemblies with threaded mem- 


bers, cold headed, rolled 
shoulders, answers design question, 
for variation of diameters. Adjustmey 
assemblies of great variety ae 








possible. 
ig j ) ‘ 


87. Ball and socket swivel adjug. 
ments utilize spherical cold heade 
economical designs for maximum ¢. 
ficiency and latitude. 





88. Adjustments for controls using 
springs and other similarly ended 
components are easily applied by 
combining flattened pierced section 
with threaded adjustment members. 
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89. Threaded adjustments — using 
both right and left hand opposing 
threaded members offer ideal clamp 
ing applications as you should remem 
ber from roller skating days. 
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90. Large base (patented) thumb 
screws providing both ample wif 
spread and special (pre-assem 
Sems) free spinning flat washers 
many quick adjusting means 
grooved and/or slotted members 
assembly designs. 
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9]. Adjustments of rods and tubing 
with assembly facilities provided by 
special flattened and pierced eye bolts 
concentrate tightening power over 
small area in permanent type fasten- 





92, Extended wing nuts can be spun 
over and locked in place permitting 
yaried adjustments on threaded mem- 
bers which are free to go through sec- 
tions of covers. 





> ale 
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93, Simple applications requiring 
frequent adjustments are easily ob- 
tained by using combination of shoul- 
der screws and wing nuts against 
stampings and castings. 





( 


CY 
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94, Inspection covers and_ similar 
applications utilize shoulders applied 
fo thumb screws for adjusting or 
tightening means. 





95. Close tolerance fine adjustments 
are available in roll threaded prod- 
tets. Illustration shows part with 64 
threads per inch for tightening and/ 
or adjusting electromechanical mecha- 
hisms 
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NYLON NUTS 


added to GRC’s 
extensive line of 


NYLON SCREWS 





Nylon hex nuts in ten sizes: 
#2 thru 5/16” ... Comple- 
menting GRC’s Nylon Screw 
line. Nuts are single cham- 
fered, washer-faced, double 
counter-sunk. All available 
from stock... 

Samples sent immediately. 


119 Beechwood Ave., New Rochelle, N.Y., NEw Rochelle 3-8600 
See us at the DESIGN ENGINEERING SHOW — BOOTH #2435 


[1] REDUCE COSTS 
[] SIMPLIFY ASSEMBLY 
[] IMPROVE APPEARANCE with 


















DIE CAST ZINC ALLOY 
& MOLDED NYLON 
























e Uniformly ‘accurate ® Wide range of 
@High in quality stock styles, types, 
Low in cost sizes and threads 


Produced in one high speed automatic 
operation, GRC’s exclusive methods assure 
uniformity, smooth, rustproof & corrosion 
resistant surfaces and the lowést possible 
cost. New kinds of fasteners never before 
available . . . modifications in stock fasten- 
ers for specialized use... infinite variety 
in styles, types and sizes, have been made 
possible by GRC’s special auto- 
matic die casting and molding 
machines. 





Write, wire, phone RIGHT NOW 
for prices, your copy of GRC’s 
NEW DETAILED INDUSTRIAL 
FASTENER CATALOG 


World's Foremost 
Producer of 
Small Die Castings ® 





WRITE NO. 58 ON INQUIRY CARD 











ROTARY SWITCH 
CONTACT NOISE 


te Appiying © rotary owed to seme system, Owe melee figures are af 
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tect revietance Ry. Ul constant, reduces the poeedia voltage developed acreee 
A, and dees not alles the gecurncy of the system. Mewewer, Ry cannot te 
expected te remain conetuat The resistance variation of Ry (4 wevaliy tater 
preted ae weiss ia he telemetry eyemm The allowable resistance variation 
Rg te related taumasely HD the over-all aevurecy af he eyetem, Under om 
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These data are important considerations in switch applications 
and provide you with valuable criteria for systems evaluation. 


a C.R.O. 
Pele A 
| Differential 
R, R, Amplifier 


Retary Switch 


LOW LEVEL (0-5 mv or 0-50mv) TELEMETERING 
EQUIVALENT CIRCUIT 


Siatnie Rotary Switch 














ti 


























Slip Ring 


















HIGH LEVEL (0-5 v) TELEMETERING 
EQUIVALENT CIRCUIT 


IDL quality control and inspection procedures insure that 
these “Standards of Excellence” are maintained in the pro- 
duction of high speed, sealed rotary switches for critical 
applications. Typical products are indicated by these units. 














Write IDL for your free copy of “Rotary Switch Contact Noise” 
INSTRUMENT DEVELOPMENT LABORATORIES, INC. 


66 MECHANIC STREET, ATTLEBORO, MASSACHUSETTS, U.S.A. 
WRITE NO. 59 ON INQUIRY CARD 






30 RPS & RPS 7.2 RPS 
2 Poles gta 2 Poles 
30 Points 60 Points 45 Points 





Subsidiary of Royal McBee Corporation 
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Three's better: 


Aly 

e 
Testy” 
Sure you can land a fish with one hook, 
but chances are better with three... 


That’s the idea behind Roto-Test’s 
Poly-vironmental* Testing. 


By combining several environments in 
one single test you get more factual infor- 
mation. 


For instance we recently combined high 
intensity acoustic vibration, high temper- 
ature and mechanical vibration into one fully 
instrumented chamber to test a component. 
These three tests, conducted at once, more 
accurately reflected the use conditions. The 
resultant data was a great deal more real- 
istic, provided our customer with more 
factual information. Needless to say the 
customer is delighted. 


Why not let us tell you about Roto-Test’s 
Poly-vironmental* Testing . . . the combin- 
ing of environmental tests to get more 
factual data under optimum use loads. 





Complete facilities for: all standard military environments, 
plus high intensity sound, cine-radiography, random vibration, 
and others for electrical, electronic, electromechanical, and 
pneumatic components and sub-assemblies. 


*Trade Mark Roto-Test Laboratories, Inc. 


, 


2803 Las Flores Blvd. Lynwood, Calif. 
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96. Special buttress or other thread 
contour designs can be developed for 
extremely accurate adjustment of , 
clamps, bands and/or depth tighten- 
ing. These special thread designs may 
be either thumb or driver adjusted. 





97. Extra fine rolled threads, shown 
10-64 threads per inch applied to spe- 
cial copper or bronze threaded mem- 
bers permit great latitude in design 
without added costs of special ground 
or extra class thread fits. 


oa 


98. Large and multi-grooved assem- 
blies are best assembled by specifying 
large diameter locking Belleville 
washer Sems. These modern vibra- 
tion proof assemblies guarantee maxi- 
mum tightening torque at minimum 
engineering and assembly costs. 








99. Holt Head (patented) tamper 
proof tri-slot design offers many per- 
manent adjustment features that pro- 





tect guaranteed products or wil] 
mit only exclusive authorized 
men to service and properly adjug 
equipment. 


c 


100. Thumb adjustments for Snap 
switches, etc., utilize cold heading § 
ability to place shoulders anywhe 
along the length of the fastener, 


i 




















101. Multi-lead screws can be rolled 
to obtain almost any speed of adjust 
ment or timing required for both ele. 
trical and mechanical applications, 




















102. Shipping “hold down” screws 
for rubber mounted turntables. Spe 
cial turned end section provides prop 
er tension adjustment insuring sale 
arrival. 











103. Spring lock fastener by Sit 
mons Fastener Corp., of Albany, Ne# 
York, is an inexpensive one piece & 
sembly that is self adjusting to com 
pensate for various material thick 
nesses within its range. No mating 
parts such as nuts or receptacles. Alf 
permits its use as a “blind” fastené 
It locks and unlocks with a quatté 
turn or can be permanently ins 
Sheets are locked with high initid 
loan in a tight, vibration-proof, 
flection free assembly. 
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104. Domed metal washers with flat- 
tened perimeter, having a stable non- 
aging compound bonded to undersur- 
face, provide leakproof assemblies 
against all liquids and vapors. With- 
stand temperatures from —100° to 
+250° F. without change. Pre-as- 
sembled to screws with all head styles 
for economical assemplies. 








105. Smooth tapered expanding 
plugs answer many assembly prob- 

S in masonry, concrete and 
other lead and metal anchoring de- 
vices. 






—ae 2 


106. Special continuous ring designs 
welding screws permit permanent 
sealing of welded assemblies against 
oil, water or other liquids. Rings may 
Placed on top of head or under 
section as illustrated. 
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Thermal 
switch 
engineering 














5 af that reason it’s called the “Tip-Stat”. It now joins 
\eaearaees high quality, custom, precision thermal switches. 
There’s a good chance that this switch or a modification of it can 

solve your thermal contro! problems. If not, CP! engineers can create a 


new switch that does. In either yrs ache joe a 











208 sated Street, Senta, Nu 
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107. Special TuffTite multi-purpose 
fasteners provide undercut one piece 
head to trap expanding pre-assembled 
neoprene washers. Special tapered de- 
signs of molded washers seal assem- 
blies, absorb shocks and stop squeaks. 











108. Special domed shaped metal 
washers and separate’ cut neoprene 
washers provide excellent sealing fas- 
teners where the washer does not 
turn with the rotation of screw head. 





109. Pre-assembled special soft and 
flexible Polyethylene washers offer 
permanent sealing assemblies in both 
metal to metal or plastic to metal de- 
signs. Insure against enamel cracking, 
excellent for designs involving cold 
temperatures such as refrigeration or 
deep freeze units. 





110. Thin clear nylon washers with 
either low or medium-high tempera- 
ture resistance composition offer ex- 
cellent sealing assemblies. These 
modern, preassembled fasteners an- 
swer many production problems. 
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WELL NUT 
IN POSITION 







WELL NUT 
TIGHTENED 








APPLICATION 


INSTRUMENT 


“WELL.NUT” 










SECTION THROUGH 
FASTENING 


“FLOATING” 
—_——P 


111. Well-Nuts consist of a tough neoprene bushing with a bonded 
brass nut at one end and a flanged shoulder at the other. Turning the 
screw in the nut causes the neoprene to be drawn tight against the back 
of the material in the form of a stray rivet head. In addition to sealing 
function the design is vibration proof and functions as a “blind” fastener. 
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112. Hi-Torque sealing bolt designed by Hi-Shear Rivet Tool Com- 
pany, Torrance, California, can be applied with a rubber “O” ring that 


fits under the head of the bolt. 


Specialshallow-cut recess is undercut 


at the rides where the driving torque is applied. Fastener delivers opti- 
mum torque values, good recess contact areas and high tensile strength 


and fatigue life. 











LIGONE 
PONGLE 
UBBEER 
eEETS 








Flexible temperature range 
-100°F to 500°F 


COHRIastic R-10470 silicone sponge rubber sheets have a dense, uniform, 
non-absorbing closed cell structure highly suitable for soft gasketing, vibra- 
tion dampening, fairing strips, pads, cushions and other applications where 
resiliency at extreme temperatures is required. It may be bonded to metals, 
plastics, fabrics or silicone rubber. COHRlastic R-10470 possesses superior 
compression set resistance, excellent dielectric properties, immunity to 
aging, ozone and weather hardening. Meets many specifications. 
AVAILABLE FROM STOCK: in 12” x 12” sheets and 24” x 24” sheets— 
14g” through 4%”. Special thicknesses and sheet sizes up to 30” x 30” and 
24” x 48” made to order. Sold nationally through distributors. 


FREE SAMPLE and folder — write, phone or use inquiry service. 


CON 


Leader in Fabrication of Silicone Rubber Products 


NECTICUT HARD RUBBER CO. 


Main office: New Haven 9, Connecticut 
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Electrical insulation must be included 
among the four principal ingredients of 
electromechanical devices along with 
magnetic circuit material, electrical 
conductors, and mechanical elements. 
In the past the variety: of electrical in- 
sulations was relatively limited and se- 
lection factors were simple, but recent 
trends in the design of electromechani- 
cal devices have substantially altered 
insulation problems. These trends are 
principally: 

® Emphasis on miniaturization. 

® Severe environments imposed by 
military and many new industrial ap- 
plications, 

®@ Emphasis on reliability. 

Briefly, insulation now has to work re- 
liably in extremely compact packages 
under a wide range of difficult envi- 
ronmental conditions. To meet this 
challenge a great variety of insulation 
types has been developed with a wide 
tange of physical and chemical as well 
as dielectric properties. The purpose 
of this Digest is to help the electro- 
mechanical designer solve insulation 
problems in these advanced applica- 
tions. Although we do not list the com- 
mercially available insulations, we do 
point out factors to consider in making 
intelligent selections. 


THE INSULATION DESIGN PROBLEM 


Problems of designing an insulation 
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Electrical Insulation 


system for an electromechanical device 
can be visualized by referring to the 
hypothetical illustration of Fig. 1, 
which points up many of the design 
factors encountered in more complex 
designs. A coil form insulates the turn 
of magnet wire from the magnetic 
circuit (ground). Individual turns are 
insulated from one another by the mag- 
net wire insulation, typically an enamel 
in miniature equipment where the ex- 
cessive bulk of wrapped or extruded 


COMPONENTS 


DIGEST 
















insulations preclude their use. Lead 
wires are soldered to the bared ends of 
the enamel magnet wire. Joints are 
protected by sleeving which must fit 
snugly. Sharp edges or points which 
may pierce the sleeving should not oc- 
cur. The lead wire, joints and all, must 
be fastened firmly in place, which in 
this example is accomplished by taping 
the whole wound bobbin. The bobbin 
is then impregnated in a varnish com- 
pound which, when cured, provides a 












































1 Coil form, which serves as bobbin for 
the winding and structural support for 
the terminals. 

2 Insulated magnet wire. 

3 Insulating tape, holds down wrapped 
solider connections between magnet 
wire and lead wire. 


Impregnation varnish forms protective 
coating. 


5 Leadwire, joins magnet wire coil to 
terminals. 


Terminals, rigidly mounted on coil 
form. 


7 Magnetie circuit. 


8 Airgap 


Fig. 1 Electromagnetic device, incorporates typical insulation features found 
in more complex devices. Essentially it comprises a coil which when ener- 
gized causes a flux field in the air-gap of the magnetic circuit. The airgap 
flux may carry out a variety of functions in specific applications, such as 


closing a relay, actuating a clutch, etc. 
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hard protective coating. The final steps 
are the soldering of the lead wires to 
the input terminals, and the assembly 
of the coil to the magnet core. 

Consider now the actual design of 
the device of Fig. 1, and the factors to 
be considered in the choice of mate- 
rials. The overall unit must function 
reliably during the required life and 
under the duty cycles and environmen- 
tal conditions of its application. Table 
I lists the environmental conditions that 
most influence choice of materials. 
Note that operating temperature is 
high on the list with humidity a strong 
second. Items such as radiation are 
relatively new problems, being derived 
from outer space and nuclear radiation 
applications. The table discusses the 
influence of each of the individual en- 
vironments on the insulation system 
and describes some common mecha- 
nisms of failure. Table II lists addition- 
al design considerations relevant to the 
device of Fig. 1 and similar structures. 

As a general rule, individual ele- 
ments of an insulation system should 
be compatible, or able to cooperate ef- 
fectively to serve the required insulat- 
ing function. The compatability prob- 
lem is subtle, for which reason some 
manufacturers recommend an entire 
insulation system, including all the 
necessary items that may be required 
in typical applications. Incompatibili- 
ty, at its worst, can lead to a serious 
degradation in overall insulation life. 
For example, an impregnation varnish 
may require a cure cycle at such a high 
temperature that substantial degrada- 
tion of low temperature components of 
the insulation system may occur; or the 
varnish solvent may attack the magnet 
wire coating. Because of the increasing 
importance of compatibility in today’s 
complex and severely strained insula- 
tion systems, manufacturers are, more 
than ever, coming out with compatible 
systems to meet the different tempera- 
ture range classifications, see Table III. 
The designer of miniature magnetic 
components would do well to specify 
these compatible systems, at the same 
time paying special attention to the 
physical characteristics and available 
size ranges of the individual materials, 
which may make them unsuitable for 
highly miniaturized components. After 
all, cost is generally not of high im- 
portance in miniature devices where 
relatively small quantities of insulation 
are employed. 
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TABLE I. Environmetal Effects on Electrical Insulation 


TEMPERATURE 


High temperature generally affects, ad- 
versely, most of the significant - properties 
of electrical insulation. Mechanical properties 
deteriorate. Varnishes may show cracks after 
prolonged exposure. Insulation resistance 
and breakdown voltage decrease with in- 
creasing temperature (see Fig. 2). Life is 
reduced in exponential fashion with increas- 
ing temperature. Even small reductions in 
maximum temperature, say 10°C, may 
appreciably improve life. 


HUMIDITY 

High humidity may appreciably reduce in- 
sulation resistance, even to the point of 
failure. A film of moisture on the surface 
of a dielectric provides a low-resistance path 
in parallel with the main dielectric path. 
Water absorption also impairs the dielectric 
properties perhaps cutting the cross-section 
resistance by thousands to one. 


ALTITUDE 


At high altitude the tendency toward arc- 
over is increased. The important dielec- 
tric properties are inability to sustain an 
arc, and a smooth non-moisture absorbing 
surface which minimizes the tendency to 
form a continuous moisture film. In effect 
the insulation resistance must have a maxi- 
mum valve surface component. 





VIBRATION AND SHOCK 

Vibration and shock may cause cracking of 
insulation providing a path for future 
penetration of moisture, or for Corona of 
arc-over. Vibration and shock are particy. 
larly troublesome in conjunction with high 
temperature where thermal expansion and 
a weakening of physical properties accenty. 
ate the possibility of mechanical damage, 


SALT SPRAY 

Salt spray result in the building of con. 
ducting salt deposits which by-pass the 
insulation. Salt may hasten further the 
deterioration of some insulating materials, 


TEMPERATURE SHOCK 

This may lead to cracking of the insulation, 
resulting in paths for entrance of moisture, 
Strains may be set up in encapsulating 
compounds which can distort the configura. 
tion of sensitive magnet circuits, or break 
fragile wires. 


RADIATION 

Nuclear radiation, particularly gamma rays 
and neutrons may cause significant insulation 
deterioration; particularly when associated 
with high temperatures, above 150°C. The 
available literature in this field is still too 
sparse to provide a compact set of design 
rules and problems must still be studied on 
an individual basis. 











TABLE I! 
Insulation Design Factors In Small Electromechanical Components 


VOLTAGE ENDURANCE 


Solid insulation breaks down at different 
voltages, depending on the duration of 
voltage application. 


AC vs DC 


Because of dielectric heating generated in 
a-c testing, a-c tests indicate a lower break- 
down than obtained with d-c tests, even 
when the ratio of peak to rms value of the 
ac is taken into account in making the 
comparison. Furthermore, the time effect with 
dc is considerably less than with a-c stress. 


INSULATION SPACING AND CREEPAGE 


Humidity and dirt seriously reduce the 
breakdown level through porous insulation 
or over a creepage surface. Surface films 
are usually inhibited in non-porous materials 
having highly polished surfaces. On such 
smooth surfaces, moisture tends to settle out 
as droplets without forming continuous films. 
Dirt, dust, or microscopic roughness greatly 
increase the tendency to form a continuous. 
film. Varnish treatment of insulating ma- 
terials fills the pores and controls moisture 
penetration. There are a variety of com- 
mercially available compounds which may be 
spread on an insulator surface to inhibit 
moisture film formation. 





























DISSIMILAR INSULATIONS 

Voltage is distributed across two insulating 
materials in series directly in proportion to 
their thicknesses and inversely in proportion 
to their dielectric constants. When a gaseous 
and solid insulator are in series, the most 
usual case, the greater stress occurs across 
the gas because of its lower dielectric 
constant, causing it to break down first, 
transferring full voltage to the solid 
insulation. 


MOISTURE CONTAMINATION 

In addition to its deleterious effects on 
surface leakage, moisture may penetrate the 
pores of solid insulators, reducing insulation 
resistance and increasing power factor. 
Porous materials usually absorb a high 
volume of moisture, and have surfaces that 
wet easily. 


‘CUT-THROUGH STRENGTH OF WIRE 
In winding the coil, lead wire may be | 
brought out from a starting point 
within the coil. As the fine magnet wit 
is wound on the bobbin, it must not pen® 
trate the lead wire’s insulation, even @ 
high temperatures. 


(MISCELLANEOUS FACTORS 
Other questions relate to random versvs 
layer winding, the use of insulation between 
coi! layers, and the manner of impregnation. 
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Fig. 2(a). Effect of temperature on 


insulation resistance of three types of 
materials. Courtesy Secon Metals Corp. 
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Courtesy Secon Metals Corp. 


Fig. 2(b). Effect of temperature on voltage breakdown of three 
types of insulation. Courtesy Secon Metals Corp. 





INSULATION CHARACTERISTICS 


It is important to understand the spe- 
cific properties of insulation by which 
materials and systems may be evaluat- 
ed. Table IV lists the most important 
properties. Probably the commonest 
property is insulation resistance. Since 
all insulating materials conduct elec- 
tricity to some extent, they have a 
measurable resistance on application of 
a d-c voltage. Because the resistance 
values are extremely high, they are 
markedly influenced by surface and at- 
mospheric conditions, temperature and 
humidity being particularly influential 
factors. Fig. 2 shows the effect of tem- 
perature on insulation resistance of 
three types of materials. Surface im- 
purities, such as grease and dirt may 
affect insulation resistance by provid- 
ing a low resistance surface conducting 
path in parallel with the direct path 
through the insulation material itself. 
Applied voltage also affects insulation 
Tesistance, so a standard voltage must 
be selected for comparison testing. 
Because insulation resistance varies 


with these external factors, comparative 


tests must take them into account if an 
apparently wide divergence of meas- 
ured values is to be avoided. The ease 
with which insulation resistance meas- 
urements may be made using inexpen- 
sive commercial equipment makes 
practical as a quality check on 

ion line apparatus to evaluate 
iness, dryness, freedom from im- 
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purities, completeness of processing, 
and physical imperfections of a dam- 
aging nature. 

Insulation resistance increases with 
time upon the application of a d-c 
potential, changing rapidly at first 
and assymptomatically approaching a 
steady state value. Clean dry insula- 
tions have a relatively long time con- 
stant, whereas wet insulation with 
parallel conducting surface paths reach 
steady resistance values at much lower 
levels much more quickly. Change in 
insulation resistance with time after 
voltage is applied is due to dielectric 
absorption and the sweep of mobile 
ions to the electrodes, and is primarily 
a function of the insulation material 
itself. Dielectric absorption relates to 
the accumulation of electric charges 
within the dielectric itself when it is 
subjected to an electric field. Capaci- 
tive charging is an additional effect, 
the value of capacitance depending up- 
on the overall geometry of dielectric 
and electrodes. Fig. 3 shows the equiv- 
alent parallel representation of a dielec- 
tric material with insulation resistance 
and internal capacitance. 

The level of insulation resistance 
must not be considered as a direct 
measure of dielectric strength. Insula- 
tion resistance necessarily depends 
both upon the insulation resistivity of 
the material (resistance per unit vol- 
ume) and on the geometry of the in- 
sulation system. 


The dielectric constant of an insulat- 
ing material is the ratio of the parallel 
capacitance of a given configuration of 
electrodes with the material as the di- 
electric to the capacitance of the same 
electrode configuration with a vacuum 
as the dielectric. 

Additional properties of dielectrics 
are defined in Table V, the definitions 
being extracted from the ASTM Stand- 
ards on Electrical Insulating Materials, 
Oct., 1959 edition. 


INSULATION BREAKDOWN 


The most important property of an in- 
sulating material is its ability to with- 
stand the dielectric stress of the specific 
application under the required operat- 
ing conditions. The dielectric break- 
down voltage is that value which 
causes puncture of the insulation. This 
puncture is believed to occur as a re- 
sult of an electron avalanche effect 
which occurs when the electric field 
gradient reaches a certain limit, see 
Fig. 4. The dielectric strengths of com- 
mercial insulating materials are sub- 
stantially under the intrinsic strengths 
of the pure materials. The values are 
lower for a number of reasons. 

@ Existence of defects, holes, conduct- 
ing and foreign particles in commercial 
insulation; 

@ Presence of a stress concentration 
at electrode edges or points where the 
breakdown can be initiated, because 
the electric field is much higher than 
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TABLE Ill. Typical Manufacturer’s Approach To Insulation System Design 
SELECTION GUIDE TO INSULATING COMPONENTS MADE WITH DOW CORNING Siticg 
































COMPONENT 220C 180 C | 155¢ 

Magnet Wire Silicone-bonded double-glass served. Sylkyd enameled, double-glass served, Sylkyd enameled, MATERIALS 
or Dacron-glass served. T WIRE: Sylkyd 
Sylkyd = best mech 

Slot Liner Silicone-bonded glass-asbestos-glass, Silicone-bonded glass-asbestos-glass, Vicconnet al Ps : stability. 

silicone-bonded glass-mica-glass. silicone-bonded glass-mica-glass. Varnish forms a Clon 

- , INSULA 
Feeder Sheet Silicone resin-impregnated glass cloth. Silicone resin-impregnated glass cloth. tion system when used wil ew wher 
insulating components thyllied silicone-bonded 
Phase Insulation Silicone-bonded glass-asbestos-glass, or Silicone-bonded glass-asbestos-glass, or been proved suitable be used. Gens 
(coil noses) silicone-bonded glass-mica-glass. silicone-bonded glass-mica-glass. 155C or higher teme _. “ 
or wh 


Coil Dividers 
(slot section) 


Slot Wedges 
(top sticks) 


Sleeving 


Lead Wire 


Tape 
Tying Cord 


Varnish 


Turn-to-Turn 
Insulation: for 
Bare Conductors 


Coil Wrapper 
(tape or sheet) 


Barrier Insulation 


Axial Spacers 





Silicone-bonded glass laminate. 


Silicone-bonded glass laminate (curved 
or flat sticks). 


Silicone resin-impregnated fiber 
glass sleeving. 


Silastic insulated with silicone-bonded 
fiber glass braid. 


Pressure-senstitive silicone glass-cloth tape. 


Silicone-resin impregnated glass or 
untreated glass sleeving. 


Dow Corning 997 Varnish. 


Silicone varnished glass cloth, silicone- 
impregnated asbestos paper, or 
silicone-bonded mica-glass. 


Varnished glass cloth, silicone-bonded 
mica or asbestos-glass. 


Silicone glass laminate 
or silicone-bonded asbestos. 


Silicone glass laminate, silicone-bonded 
asbestos, ceramic, or silicone 
impregnated transite. 





Silicone-bonded glass laminate. 


Silicone-bonded glass laminate (curved 
or flat sticks). 


Silicone resin-impregnated fiber glass 
sleeving. Silastic tubing, Silastic 
impregnated fiber glass sleeving. 


Silastic covered, or Silastic insulated with 
silicone-bonded fiber glass braid. 


Pressure-sensitive silicone glass-cloth tape. 


Silicone resin-impregnated glass, or Silastic 
impregnated glass, or untreated glass cord. 


Dow Corning 997 Varnish. 


Silastic coated or silicone varnished 
glass cloth. 


Silastic, Silastic coated glass cloth, 
silicone-bonded mica or asbestos-glass. 


Silicone glass laminate, silicone-bonded 
asbestos or Silastic coated glass cloth. 


Silicone glass laminate, silicone-bonded 
asbestos, ceramic, or silicone 





impregnated transite. 


Obviously, all silicone ¢ 
ents meet this requir 
are frequently used to 
inventory problems, 


Modified silicones, epoxi 
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MECHANICAL 


. Tensile strength 

. Tear strength 

. Resistance to abras 
. Flexibility 

. Bond strength 

. Resiliency 

. Stability 


NOU A WH — 


THERMAL 


- Aging properties 
. Heat transferability 


. Conductivity 


Vhwnh — 


CHEMICAL 


sive atmospheres 





TABLE IV Properties of Insulation 


the average; 


ond knotting c! 


SH: For maximum 
or higher, Dow Cc 
SC or lower tempe 
lied silicone, offer 





. Temperature stability 


. Expansion and contraction 


1. Resistance to contaminants and corro- 


2. Resistance to gases, oils, moisture, 


atmospheres and solvents 


ELECTRICAL 


. Electric strength 

. Voltage endurance 
. Dielectric loss 

. Dielectric constant 
Surface resistance 

. Arc resistance 
Corona resistance 

. Radiation resistance 
. Power factor 


ion 


WCONADRWN— 


Note: 


This material extracted from ‘Functional 
Life Tests of Apparatus As Compared With 
Insulation Material Tests”, by M. L. Manning, 
AIEE# 59-1293 








© In a-c tests, because of the damag dig hi 
ing effect of electric discharge during oy 
testing; > pa G 
@ Dielectric heating, which raises th . 

temperature and lowers the breakdowi i 2 f 


strength. 
The following paragraphs from i 
Westinghouse Engineer, Physics of lt through 
sulation, by T. W. Dakin, describ 
these phenomena in more detail. 
“The presence of defects lowers tht 
dielectric strength at points in a some 
what random manner and produces? 

































dispersion of test results. Larger are’ hy 
exposed to voltage have a lower dielet — 
tric strength, since it is more probabil ratio of th 
that’ they include a few bigger defect la 

“Electric stress concentration ®§ 4, ha 3 
edges and points has, in the case @§ of . come 
gases, the effect of producing coromi, constituent 









a local breakdown at the edge or pail 
but not a complete breakdown of the] 
gap. However, in the case of smil 
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MATERIALS SELECTION GUIDE 





t WIRE: Sylkyd enameled wire has best space factor; 
best mechanical strength; double-glass served, 
stability. 


ye INSULATION: For slot liners and coil-nose 


, wherever mechanical pressure may be 


, FP manebonded glass-asbestos-glass or glass-mica- 


be used. Generally, the glass-mica-glass has better 


be resistance; the glass-asbestos-glass is less costly. 


sheets, or wherever maximum flexibility in sections 
92 mils is required, silicone varnished glass cloth 


SHEET INSULATION: Silicone-bonded glass laminate 
for its mechanical strength, low moisture absorp- 
thermal stability. Coil dividers and slot wedges can 
from sheet insulation; formed slot wedges are also 
In larger machines, formed slot wedges offer a 


«ii iedor advantage. Silicone laminates can be machined 


to form terminal boards, insulating washers and 
iructural parts. 


NG: Silicone resin-impregnated fiber glass sleeving 
best thermal stability and mechanical strength. Silas- 

d fiber glass sleeving has greater flexibility; 
tubing has best flexibility and moisture resistance. 


WIRE; Silastic insulated silicone-bonded fiber glass 
wire has best thermal stability and abrasion resist- 
Silastic covered wire has greater flexibility. 


CORD; Silicone treated tying cord has better han- 

thoracteristics; silicone resin-impregnated glass cord 
thermal stability; Silastic impregnated cord, best 
ond knotting characteristics. 


SH: For maximum reliability from systems designed for 
or higher, Dow Corning 997 Varnish is recommended. 
SC or lower temperature systems, Sylkyd 1400 Varnish, 
ified silicone, offers superior oil and solvent resistance. 





gaps or high pressures in gases, break- 
down at a positive point propagates by 
means of a streamer completely across 
the gap. In homogeneous solid insula- 
tion it is probably not possible to have 
4 partial breakdown at a point without 
eveasting the breakdown completely 
through the insulation. However, in 
the case of a composite dielectric such 
4 a solid sheet in mineral oil, the oil 
can break down at an edge or point, 
g corona, without immediately 
resulting in the solid breakdown. 
‘The ratio of the electric field 
strengths in different dielectric mate- 
in series varies inversely as the 
ratio of their dielectric constants. This 
places a higher electric stress on 
low dielectric-constant constituent 
4 composite insulation. Often this 
Constituent has a lower dielectric 
stength, which insures that it will 
break down at a lower voltage. This 
in itself usually lowers the over- 
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(No. 1 of a series) 


The multi-pole, multi-circuit, rotary switch is one of the most 
versatile devices for control of electric circuits yet it is not as widely 
used as it should be, because many designers are not familiar 
with its construction and application. 


In these Design Notes, the operating principle and the structural 
features of rotary switches will be discussed in relation to a wide 
variety of controls — some simple, some complex, some light- 
duty, some heavy-duty, and some that defy classification. 
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an 


Exploded view of ESCO Type JR —a typical rotary switch. 


The type of switch we are talking 
about does not fit into any clearly 
defined category. It is called a 
rotary switch because its moving 
parts rotate on a shaft so that the 
switch can be operated by turning 
a knob, handle, or hand-wheel — 
either manually or by a motor, 
solenoid, or other form of power 
drive. Altho the term rotary 
switch is sometimes loosely used to 
mean any switch that can be oper- 
ated by turning a shaft (as in the 
case of a switch having cams that 
open and close contact circuits), 
there are important differences that 
put the true rotary switch in a class 
by itself for many applications. 


Basic Structure of Rotary Switch 


The first characteristic to be con- 
sidered is the physical arrangement 
of the contacts. In the rotary 
switch, stationary contacts are dis- 
tributed radially on an insulating 
base, generally called a deck, or a 
section. Sometimes they are riveted 






or otherwise secured to the deck but 
more often they are set in molded 
recesses. The movable contacts, 
which are carried on 
an insulating member 
keyed to the switch 
shaft, are free to move 
slightly so as to align 
themselves with the 
stationary contacts. Since the shaft 
is generally made of metal, insula- 
tion adequate to prevent flashover is 
provided between 
the movable con- 
tacts and the shaft. 
In some designs, 
the movable con- @ 
tacts are connected 
to the external cir- 
cuit through a slip 
ring; such switches 
are generally called * 
tap, or selector switches. 








For more 
complex circuit controls, the mov- 
able contacts may be used to inter- 
connect two or more stationary 
terminals. 


ESCO Bulletin No. 8A, containing useful information on the 
construction and application of rotary switches, 
examples of ESCO switches that utilize the design principles 
discussed in these advertisements, will be sent you on request. 


as well as 
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ELECTRO SWITCH CORP. 


Weymouth (Boston 88), 





Massachusetts 
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REFLECTONE 


miniature PM 
motors 










fit In very 
little space 





perform ina 


BIG WAY 


in portable recorders and dictat- 
ing equipment. Only %” dia. — 
under 2% oz. — high torque — low 
power drain — unexcelled reliability. 
To your specifications: mount- 
ings, shafts, bearings, integral gear- 
ing, governed or not, 4-30 vdc, rpm 
to 20,000 


REFLECTONE ELECTRONICS, INC. 


POST ROAD © STAMFORD, CONN. 
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Fig. 3(a) Equivalent parallel circuit of 
an electrical insulation. 
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Fig. 3(b) Vector diagram for equivalen, 


parallel circuit. 




















Fig. 4 Pictorial representation of an electron avalanche, which occurs at the 
beginning of electric breakdown. An initial electron from the cathode, 
accelerated by the electric field, collides with an atom or molecule, causing 


secondary electrons to be emitted. These in turn are accelerated and collide 
with other atoms or molecules. As the number of electrons multiplies, a 
conducting path develops through the insulating material. 


all dielectric strength of the composite 
insulation, since, when partial break- 
down of one part occurs, a higher stress 
appears on the remainder. 

“When corona appears and continues 
for a time at the surface of insulation 
under electric stress, it erodes the sur- 
face by decomposing the insulation 
with electron bombardment and _ the 
associated heat of the corona discharge. 
This effect seems to begin immediately 
and even fraction seconds of exposure 
at a-c voltages near the breakdown 
voltage lower the breakdown strength 
appreciably. 

“A consequence of the stress concen- 
tration at points and edges is the de- 
crease of the breakdown gradient 
(volts per mil) of all materials with in- 
creasing thickness or spacing. This fac- 
tor is not generally appreciated in en- 
gineering circles, where volts per mil 
dielectric-strength values are often 





quoted and compared without refer 
ence to the insulation thickness used it 
determining the values. It is apparett 
that the electric-field gradient, at te 
point or edge of an electrode decreas 
less than proportional to the reciprogi) 
of the spacing. In fact, for simpler gee 
metric electrodes, it can be calculatét 
that the gradient near an edge or polit 
decreases as an inverse fractional pow: 
















er of the spacing. Present knowledgey — 


indicates that once breakdown b 
within a solid at an edge or poi 
continues through the material. 
contrary to the case of gases at kd 
pressures and larger spacings, W 
local breakdown can occur at an eg 
or point, giving the well-known corolit, 
without completely bridging the gap 

In all solid insulations, the bare 
must be continuous and nonpordw 
The breakdown gradient may vary Col 
siderably depending upon the qualilf 
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MOLD LAB or J 
SHORT RUN | 
PLASTIC PARTS {\ u 


UNEX-JET 


right in \ yes 
your own ; 
plant! 


Free brochure shows how experi- 
mental and prototype plastic 
can be molded entirely ‘oul 4 calil 
within any shop or lab with the small 
new Unex-Jet Injection Molder. MERI 
Inexpensive molds made in your parts 
own shop are utilized. Experi- in 
mental designs are quickly proven y i wn 
before mass production, thus or 
avoiding expensive changes. Im- shop.’”. 
mediate material comparison tests 
can be made without clean-ups 
between runs. Only $595. Engi- 
neering assistance available. 


INCHMAN 
MFG. CO., INC. 


259F FIRST AVE., E. ROSELLE, N.J. 
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a .where you want it 


Daven Rotary Switch 
with adjustable stop! 





For flexibility in circuit experimentation, laboratory 
work, breadboard setups and circuitry where the 
exact number of switch positions might be changed 
at a later date. As a single pole switch, it has a 
maximum of either 24 shorting positions with 15° 
spacing or 32 shorting positions with 11%° spacing. 
One, two, three and four pole units are available. 
Write today for complete information. 


Available from stock from 
your local Daven distributor. 


™: DAVEN ce. 


LIVINGSTON, NEW JERSEY 





Today, more than ever, the Daven © stands for dependability 
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PLANNING FUNNEL TYPE 
EYELETS © FOR 
PRINTED CIRCUIT BOARDS? 


this Edward Segal 
automatic machine 
feeds, inserts and 
flares with utmost 
reliability! 











Part of the secret’s in Segal’s 
unique anvil tool holder and 
spring loaded work table 
(shown at left) which allow 
the eyelet to pass through 
the assembly before staking 
or flaring. Avoids loose set- 
tings, compensates for mate- 
rial variations, too. 


There’s a Segal ma- 
chine for every eye- 
leting application. 
Tell us about yours 
and we'll gladly look 
into it without obliga- 
tion. And write today 





dont Manufacturers of eyeleting machinery, 
special hoppers and feeding devices 
Sogo 132 LAFAYETTE STREET, NEW YORK 13, N.Y, 
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for new bulletin EMD-5, 





Compression & Tension Type 
Aircraft cable is strung with spherical steel 
shells in a rigid or flexible housing sealed 
with “O” rings. 3” standard bend radius. 
%” minimum bend radius. 


Three Types: 

1. Light Duty—Compression Ult. Load 1250 
Ibs.; Ult. tension 960 Ibs. 

2. Heavy Duty—Compression Ult. Load 1650 
Ibs.; Ult. tension 960 Ibs. 


3. Extra Heavy Duty— Compression Ult. Load 
3050 Ibs.; Ult. tension 3900 Ibs. 


Positive remote controls for actuating mechanical, hydraulic 
or other devices. Eliminate bell cranks, pulleys, and dua 
cables. U.S. Patent No. 2441719. All world rights reservea, 
Send for ENGINEERING MANUAL giving complete speci- 
nications covering materials, finishes, capacities. Please 
address Dept. EMD-PP-60. 


SOUTHWEST PRODUCTS CO. 


1705 $0. MOUNTAIN AVE., MONROVIA, CALIFORNIA 
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| Lessij than .005°” 

g Runout 
ona24" 
y Shaft... 


Holding runout tolerances on a 
motor shaft extending 24” beyond the 
motor frame poses a difficult design 
problem. To reduce runout, many man- 
ufacturers have resorted to compli- 
cated andexpensive outboard bearings 
and shaft supports.To avoid this prob- 
lem, one such company* came to 
Holtzer-Cabot, which in cooperation 
with the company’s engineers, devel- 
oped a motor with a special extended 
end cap and a heavier shaft. The re- 
sult: less than .005 runout at one inch 


from the end of the 24” shaft. 


Write for Information! Holtzer- 
Cabot specializes in the design and 
manufacture of fractional horsepower 
motors for all types of ‘applications. 
For complete details on Holtzer-Cabot 
motors for specific applications, and 
a copy of “Key Factors in Selecting 
AC Motors for Instrument Service” 
write direct or use Readers Serv- 


ice Card. 


*Name on request 






HOLTZER-CABOT 


MOTOR DIVISION 


National Pneumatic Co., Inc., Boston 19, Mass. 
CIRCLE NO. 69 ON INQUIRY CARD 
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and uniformity of the insulation and ts 
manner of fabrication. The dielectyjg 
barrier must be maintained in the pres. 
ence of contaminants such as dirt anj 
moisture. When corona occurs at the 
surface between a solid and gaseoys 
insulation, the voltage across the 
space drops sharply putting full voltag 
across the solid insulation. Corona 
occur between closely spaced elect. 
cal terminals, particularly at high al. 
tudes. Silicone insulations are highly 
resistant to the oxidizing agents gep. 
erated as by-products of Corona. 





HI-POT TESTING 


Probably the most commonly used d. 
electric test performed on high produc. 
tion electrical devices is the a-c high 
potential (or hi-pot) test. This test a | 
the d-c insulation resistance test com 
prise most of the production insulation 
tests carried on today. 

The a-c high-potential test is pep 
formed by applying an alternating volt 
age between members which should he 
insulated. These may be the separate 
windings of an electrical resolver, o 
the windings and frame of a transfor 
mer. The test voltage is substantially 
higher than the normal voltages ep 
countered in use, and is applied fora 
specified period, typically one minute, 
To avoid voltage transients which & 
hibit sharp spikes, voltage is increased 
gradually at a prescribed rate. To speed 
up testing, an overvoltage test with im 
mediate application of full voltage for 
several seconds may be substituted. Be 
cause these tests tend to deteriorate in 
sulation, repeat tests, after final check 
out by the manufacturer are generally 





conducted at 80% of the manufacturers 
test voltage. 

When high-potential testing is cat 
ried out on finished equipment, it 8 
suggested that individual components 
be capable of withstanding a consider 
ably higher voltage. During manufae 
ture, where dielectric tests are 
out at the various production stages 
the test voltages must be selected om 
the basis of experience. 

High-potential a-c dielectric test 
may indicate breakdown or excessivé 
leakage. Unfortunately, test specific 
tions do not define dielectric failure ® 
a precise manner. The amount of 
age current, for example, varies wi 
for different units and must be spett 
fied on the basis of production expel 
ence. Leakage current is me 
conveniently by the glow of a ned 
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TABLE V 


Additional Definitions Relating To Insulation Resistance 


Capacitance—The capacitance, C, of a ca- 

r is the ratio of the charge which can 

be stored in the capacitor to the potential 

to it. It is expressed in farads when 

the charge is expressed in coulombs and the 
potential in volts. 


Dielectric Constant—The dielectric constant, 
K, of an insulating material is the ratio of 
the parallel capacitance (Fig. 3) of a given 
configuration of electrodes with the material 
as the dielectric to the capacitance of the 
same electrode configuration with a vacuum 
as the dielectric. 


Dissipation Factor—The dissipation factor of 
an insulating material is the ratio of the 
conductance, G, of a capacitor in which the 
material is the dielectric to its susceptance, 
B, or the ratio of its parallel reactance, Xp, 
to its parallel resistance, Rp, (Fig. 3). It is 
also the tangent of the loss angle, tan 6 
(also called loss tangent), and the cotangent 
of the phase angle, cot 9. It is represented 
by the symbol D: 
D= cot 6 — tan 5 = G/B = X,/Rp 
—_ G/wC, — 1/Rp@Cp 

where: 
w = 2m times the frequency in cycles per 

second. 

The reciprocal of the dissipation factor, 
D, is the storage factor, Q, sometimes called 
the quality factor. 


loss Factor—The loss factor, DK, of an 
insulating material is equal to the product 
of its dissipation factor, D, and dielectric 
constant, K, It is proportional to the energy 
loss per cycle per squared potential gradient 
per unit volume. 


Power Factor—The power factor of an in- 
sulating material is the ratio of the power 
in watts dissipated in a capacitor in which 
the material is the dielectric to the product 
of the sinusoidal voltage and current ex- 
pressed in effective volt-amperes. It is also 
the cosine of the phase angle of the ma- 
terial, cos 8, and the sine of the loss angle, 
sine 5. It is usually represented by the 
symbol PF. 

Note: when the dissipation factor is less 
than 0.1, the power factor is smaller than 
the dissipation factor by less than 0.5 per 
cent. Their exact relationship may be found 
either by reference to trigonometric tables 
ot from the following relations: 

PF = D/(1+-D2)%% 
D = PF/[1—(PF)?]** 


Phase Angle—The phase angle of an in- 
tulating material is the angle by which the 
current in a capacitor, in which the ma- 
terial is the dielectric, leads the voltage 
Gcross it, as shown in Fig. 3, both current 
and voltage having the same frequency. It 
is represented by the symbol 0. 


loss Angle—The loss angle of an insulating 
Material is the complement of its phase 
angle. It is represented by the symbol 6. 
It is sometimes called the phase defect angle. 
Series Representation—While the parallel 
fepresentation of an insulating material hav- 





ing a dielectric loss is fundamental, it is 
always possible and occasionally desirable 
to represent a capacitor at a single fre- 
quency by a capacitance, Cs, in series with 
a resistance, Rs. The dissipation factor, D, 
of the capacitor is the same for both the 
series and parallel circuits as follows: 


D = RswCs = 1/R,wC, 


The relations between series and parallel 
components are as follows: 

Cs/Cp = 1-+-D2 

R,/Rs = (1+D2)/D2 = 1+1/D? = 

1+ Q 
Note: the series capacitance is larger than 
the parallel capacitance by less than 1 per- 
cent for a dissipation factor of 0.1, and by 
less than 0.1 percent for a dissipation factor 
of 0.03. 

If the measuring circuit yields results in 
terms of series components, the parallel 
capacitance must be calculated before de- 
termining the dielectric constant. 


SIGNIFICANCE 


Dielectric Constant—Insulating materials are 
used in general in two distinct ways, (1) 
to insulate and support components of an 
electrical network from each other and from 
ground, and (2) to function as the dielectric 
of a capacitor. For the first use, it is gen- 
erally desirable to have the capacitance of 
the support as small as possible, consistent 
with acceptable mechanical, chemical, and 
heat-resisting properties. A low value of 
dielectric constant is usually desirable, so 
that the capacitor may be physically as 
small as possible. Intermediate values of 
dielectric constant are frequently used for 
grading stresses at the edge or end of a 
conductor to minimize corona. 





Power Loss—For both cases (as electrical 
insulation and as capacitor dielectric) the 
power loss generally should be small, both 
in order to reduce the heating of the ma- 
terial and to minimize its effect on the rest 
of the network. A low value of loss factor, 
at high frequencies is desirable because, 
for a given value of loss factor, the power 
loss increases directly with frequency. In 
certain dielectric configurations such as are 
used in bushings and cables, an increased 
loss, usually obtained from increased con- 
ductivity, is sometimes introduced to control 
the voltage gradient in the insulation. In 
comparisons of materials having approxi- 
mately the same dielectric constant, the 
quantity considered may also be dissipation 
factor, power factor, phase angle, or loss 
angle. 


Correlation — When adequate correlating 
data are available, dissipation factor or 
power factor may be used to indicate the 
suitability of a material in other respects, 
such as dielectric breakdown, moisture con- 
tent, degree of cure, and deterioration from 
whatever cause. While the actual value of 
dissipation factor is important initially for 
any material, it is the change in dissipation 
factor that is significant when there is a 
change in the material. 
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BUILDING 
BLOCKS 
FROM KEARFOTT 


ELECTROHYDRAULIC 
SERVO VALVE 


Kearfott’s unique approach 
to electrohydraulic feed- 
back amplification design 
has resulted in a high- 
performance miniature 
servo valve with just two 
moving parts. Ideally 
suited to missile, aircraft 
and industrial applications, 
these anti-clogging, 
2-stage, 4-way selector 
valves provide high fre- 
quency response and 
proved reliability even 
with highly contaminated 
fluids and under conditions 
of extreme temperature. 


TYPICAL 
CHARACTERISTICS 
Quiescent Flow 


Hysteresis .. 3% of rated current 
Frequency Response 

3 db @ 100 cps 

Supply pressure....500 to 3000 psi 
Temperature-Fluid & Ambient 

— 65°F to +275°F 

Flow Rate Range .... .3 to 10 gpm 

10.5 ounces 


Write for complete data. 


KEARFOTT DIVISION 
GENERAL PRECISION INC. 


LITTLE FALLS, NEW JERSEY 
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INSTRUMENT 



























BALL BEARINGS 


TWF 10-17 
TWF 12-19 
TWF 14-21 
TWF 17-24 


TWF 25-32 
TWF 29-36 
TWF 33-42 
TWF 37-46 
TWF 41-52 
TWF 45-56 
TWF 49-62 


TWF 21-28 . 








6250 


.7500 

8750 
1.0625 
1.3125 
1.5625 
1.8125 
2.0625 
2.3125 
2.5625 
2.8125 
3.0625 


PRECISION AND 









ULTRA-PRECISION GRADES 


TYPE TWF WITH INTEGRAL SHIELDS 







A thin-section radial ball bearing with integral 
shields on both sides. Deep groove ball races with 
continuous shoulders, uninterrupted by filling slots. 
Maximum radial and thrust capacity possible in a 
radial ball bearing of its dimensions. The close- 
clearance annulus between shields and inner ring 
fills with lubricant and functions as an effective 
seal without the objectionable torque found with 
contact seals. This design in a precision instrument 
bearing is possible only with the Split Ballbearing 
method of construction. Also made in type TWA 
with alternate balls slightly undersize, for lower 


torque applications. 


Balls and rings are 52100 high chrome alloy 
bearing steel. Also available in 440 C stainless. 





.0625 , : 7/64 | .042 276 
1.1875 .250 .281 24 1/8 .047 354 
1.3125 .250 281 27 1/8 052 375 
1.5000 .250 .281 32 1/8 06 435 
1.7500 .250 .281 38 1/8 07 440 
2.0000 .250 .281 44 1/8 .08 470 
2.2500 .250 | .281 50 1/8 09 490 
2.6250 .250 .281 58 1/8 14 520 
2.8750 .250 .281 64 1/8 .16 545 
3.2500 312 375 48 3/16 | .24 1010 
3.5000 312 375 52 3/16 | .28 1040 
3.8750 Jie st 58 3/16 | .32 1100 
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Dimensions are in inches. 


catalog 59 


Split’s catalog 59 provides 
complete coverage on the 
complete T series of thin-section 
precision instrument ball bearings. 
No designer should be without it. 


WRITE FOR YOUR COPY TODAY. 


it balibearing 


A DIVISION OF MPB, 


523 HIGHWAY FOUR, LEBANON, NEW HAMPSHIRE 
CIRCLE NO. 71 ON INQUIRY CARD 


9 spl 


send for new 


Radius “r” will clear .015” shaft or housing fillet. 
according to size — see catalog 59 for Precision Grade and Ultra-Precision Grade Tolerances. 
tRadial load capacity at 500 rpm and 2500 hours average life. §Static non-brinell load capacity. 


*Tolerances vary 


IN C. 
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bulb across a resistor in series with the 
dielectric circuit. The resistor must be 
reduced for components whose large 
size or insulation characteristics regyljy 
in high but tolerable leakage. Capag, 
tance between windings and magnetic 
circuit, where the insulation acts as q 
dielectric, as well as capacitive currents 
flowing in the dielectric itself contrib. 
ute to the so-called leakage current, 

A similar neon bulb across a series 
choke registers breakdown. Any arcing 
results in the generation of r-f currents 
and a consequent build up of voltage 
across the choke. This bulb indicates 
breakdown, arcing, or corona. 

High-potential testers frequently ar 
designed with high output impedance 
to limit the glow of damaging currents 
under breakdown. Sensitive circuit 
breakers may provide similar protec 
tive action. 


SELECTION OF SPECIFIC 
INSULATIONS 


Choosing the best insulations for a giv. 
en job is a very difficult task. The list 
of available types in every class is 
enormous. We have, therefore, avoided 
classifying commercially available in 
sulations but rather have concentrated 
on describing insulation characteristics, 
design factors, and methods of test, 
Our aim has been to acquaint the pro 
ect engineer with the fundamentals 
which permit him to read about and 
discuss insulations with some under 
standing. In the last analysis the prin 
cipal information is obtained directly 
from the insulation manufacturer. 
Electromechanical designers should 


recognize all the important factors ab 


fecting the performance of a given it 
sulating material. In a search for a te 
liable, high-temperature slot liner, for 
example, they ought not overlook me 
chanical properties such as brittleness 
which precludes its use in miniaturt 
machines. When the insulator is use 
to support structural loads its tensilt 
strength may be important. Potting 
compounds may shrink while harder 
ing, setting up internal stresses whidl 
may break fragile windings. Thus, thé 
more complete the knowledge of sig 
nificant parameters and their measult 
ment, the surer will be the choice & 
insulation. And overall, there is the al 
inclusive requirement of compatibility: 

As an aid to the project enginet 


who deals to a significant degree will) 


electrical insulation, the ASTM pur 
lishes Standards on Electrical Insulat 
ing Materials. This collection covel 
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TABLE VI 


Scope of Topics Covered in ASTM Compilation 
of Standards on Insulation Resistance 


Insulating Shellac and Varnish 
Effects of Radiation 
Plates, Sheets, Tubes, Rods and Molded 


Materials 


Insulating Papers 
Mica Products 
Magnet Wire Insulation 


Plastics for Electrical Insulation 


Ceramic Products (Glass, Porcelain, Steatite) Rubber Tape and Electrical Protective Equip 


Solid Filling, Treating, Encapsulating, and ment 


Embedding Compounds 
Flexible Sheet, Tape, and Tubing 


Textile Materials for Electrical Insulation 


General Test Methods 

















TABLE VII 


More ASTM Definitions Relating To Insulation Resistance 


Insulation Resistance—The insulation resis- 
tance between two electrodes which are in 
contact with, or embedded in, a specimen 
is the ratio of the direct voltage applied to 
the electrodes to the total current between 
them. It is dependent upon both the volume 
aad surface resistances of the specimen. 


Volume Resistance—The volume resistance 
between two electrodes which are in con- 
tact with, or embedded in, a specimen is 
the ratio of the direct voltage applied to 
the electrodes to that portion of the current 
between them that it distributed through 
the volume of the specimen. 


Surface Resistance—The surface resistance 
between two electrodes which are on the 
surface of a specimen is the ratio of the 
direct voltage applied to the electrodes to 
that portion of the current between them 
Which is in a thin layer of moisture or other 
semiconducting material that may be de- 
posited on the surface. 


Volume Resistivity—The volume resistivity of 
& material is the ratio of the potential 
gradient parallel to the current in the ma- 
terial to the current density. 


Surface Resistivity—The surface resistivity of 
& material is the ratio of the potential 
gradient parallel to the current along its 
surface to the current per unit width of 
surface 


Note: surface resistivity of a material is 
numerically equal to the surface resistence 
between two electrodes forming opposite 


tides of a square. The size of the square 


is immaterial, 


SIGNIFICANCE 

nm Resistance — Insulating materials 
Gre used in general to insulate and support 
Somponents of an electric network from each 
tther and from ground. For this purpose it 


is generally desirable to have the insulation 
resistance as high as possible, consistent 
with acceptable mechanical, chemical, and 
heat-resisting properties, although in many 
cases it need be only high enough to have 
no appreciable effect on the operation of the 
network. Since insulation resistance combines 
both volume and surface resistance, its 
measured value is strictly applicable only 
when the test specimen has the same form 
as is required in actual use. 


Volume and Surface Resistivity—When the 
volume and surface resistivities of an in- 
sulating material have been determined, it 
becomes possible to design an insulator for 
a specific application. The changes of both 
resistivities with temperature and humidity 
may be great, and must be known in order 
to meet operating conditions. Surface re- 
sistivity changes very rapidly with humidity, 
while volume resistivity changes only slowly, 
although the final change may be greater. 
Volume and surface resistivity measurements 
are often used in checking the uniformity 
of an insulating material, either to determine 
the uniformity of processing or to detect 
traces of impurities which affect the quality 
of the material and which may not be 
readily detectable by other methods. 


Correlation — When adequate correlating 
data are available, resistance or resistivity 
may be used to indicate the suitability of a 
material in other respects, such as dielectric 
breakdown, dissipation factor, moisture con- 
tent, degree of cure, mechanical continuity, 
and deterioration from whatever cause. 
While the actual value of resistance or 
resistivity may be important initially for any 
material, it is the change in resistance or 
resistivity that is significant when there is a 
change in the material. The insulation re- 
sistance test is of greatest value when the 
test specimen has the same form as that 
required in actual use. 
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ae 
FERRITES 


Kearfott’s Solid State 
Physics Laboratory formu- 
lates, fires and machines 
permanent magnet ferrite 
materials of various com- 
positions. Typical high- 
efficiency array utilizes 
Kearfott PM-3 ferrite ma- 
terial with specially de- 
signed pole pieces to pro- 
duce a design both smaller 
and lighter than other 
arrays of equivalent mag- 
netic field strength. Be- 
cause magnets may be cus- 
tom engineered to specific 
requirements, user is not 
restricted to stock magnet 
types, thereby providing 
greater latitude in param- 
eters for focusing arrays. 
Pole pieces may also be 
provided according to 
specification, with the 
added assurance that, be- 
cause of special Kearfott 
design techniques, B axial 
magnetic fields approxi- 
mately 10% higher than 
those generally obtained 
in standard types may be 
produced. 





TYPICAL 
CHARACTERISTICS 
Peak Magnetic 





Field Strength 1200 gauss 
Period 0.560 in. 
Length . 5.64 in. 
Inside Diameter 

of Pole Pieces 0.4C0 in. 
Outside Diameter 2.0 in. 
Weight 3.2 pounds 


Write for complete data. 


KEARFOTT DIVISION 
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The nation’s leading instrumenta- 
tion authorities are busy writing a 
special Reference Book on all that’s 
new in instrumentation & control for . 





NEW RESEARCH IN " 
INSTRUMENTATON AND 
CONTROL : 














. ... the man who uses instrumenta- 
tion & control devices (how the major 
industries can; will, and should 
profit from them). 



























. . . the producer of instrumentation 
& control devices (what industry 
wants from him—and how he can 
answer its problems). 





This thick, $2 reference volume will 
be published as the June-July issue 
of Industrial Research magazine. 
It's a must for everyone interested in 
this fast-moving field. 








That's why 51,000 engineers and 
technical executives have put in 
their orders ahead of time. 





















But most of them took advantage of 
a special offer and got the $2 edition, 
plus a $5, one-year subscription to 
Industrial Research, for only $2.50. 








Od 





Some requested the reference edition 
of I*R only. 


Why don’t you? 


Reference edition ..........++.+:. $2 


Reference edition, plus one year 
of Industrial Research ........ $2.50 














street 

















city zone state 


IINDUSTRIAL RESEARCH: 
| 200 S. Michigan Av., Chicago 4, Ill.+ 


Instrument advertisers: an additional 20,000 circulation (51,000 total) is 


offered in this one issue, at no increase in rates. 
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definitions, test procedures and disoy 
sion relating to the broad categories ¢ 
Table VI. Engineers interested jj 
these categories would do well to hy 
come familiar with this material prig 
to serious study of specific insulation. 
These standards are constantly being 
up-dated by Committee D-9 of th 
American Society for Testing Mate 
rials. Tables VII through IX contaiy 
excerpts from this material, both as 
introduction to the Standards, and gy 
useful information in its own right. 

There are other groups dealing mog 
or less with insulation, including sud 
prominent organizations as NEMA 
ASA, JIC, and the AIEE. The latty 
organization is particularly active ij 
defining insulation standards by tem 
perature, see Components Digest If, 
Dec., 1959, on high temperature mate 
rials, and on test methods parti 
applicable to the insulation of electric 
motors and power machinery. 

In the field of new development, 
principle progress has been in the arg 
of equipment miniaturization, highe 
temperatures, and unusual enviroy 
ments such as in outer space, or in th 
vicinity of nuclear radiation. The & 
fects of nuclear radiation may, indeed, 
be quite startling, affecting insulation 
as well as other components in uner 
pected manner. Where high tempem 
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tures, nuclear radiation, and a long lift 
requirement occur simultaneously as it 
nuclear reactor controls, the problems 
become quite severe. Data in this field 
is still quite scarce, and much remaifs 
to be accumulated. Some of the im 
portant facts are that high temperature 
insulations generally suffer less from 
radiation than lower temperature it 
sulations, that inorganic materials d 
better than organics, that ceramics 
well, while Teflon does not, and Sil 
cones do moderately well. For som 
satellite applications, much remains # 
be learned about outer space envitdl 
ments. ASTM specifications D167 
59T and D1672-59T consider effects 
radiation. 

Components Digest 10 of De 
1959, pays special attention to a# 


vanced problems in insulation. Futur§ 
Digests will cover specialized areas 


this important and growing field. 


CONFERENCE ON APPLICATIONS 


This section summarizes those pape 


presented at the Second Annual Ne 


tional Conference on the Applicatit 


of Electrical Insulation—1959 that at 
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Are Resistance—The ability of a material 
jo withstand the discharge across its surface 
of a specified, at first intermittent and then 
continuous, high-voltage, low-current arc. 
Materials may fail through the eventual 
formation of a conducting path across their 
surfaces, and must then be judged for arc 
resistance by their probable ability to with- 
stand some lesser amount of arcing, thought 
to be the maximum to which they are likely 
to be exposed. 


Dielectric Constant—The ratio of the ca- 
itance of a capacitor in which the ma- 
terial tested is the dielectric to the capaci- 
tance of the same capacitor with vacuum (or 
air) as the dielectric. Test values obtained 
are a measure of the relative capacity of a 
material to store electrostatic energy. 


Power Factor—The ratio of that part of 
the current which produces heat in the 
dielectric to total alternating current which 
passes through the dielectric. 


loss Factor—The relative tendency of a ma- 
terial to generate heat when used as a 
dielectric in an electrical field alternating at 
a specific frequency. 





TABLE Vill 


insulation Properties Covered in ASTM D-48-57T, “Tentative Methods 
Testing Molded Materials Used for Electrical Insulation.”’ 


Dielectric Strength—The voltage gradient at 


which a material fails as a dielectric by 


electrical breakdown. 


Insulation Resistance—The resistance offered 
by a specimen to the passage of direct 
current between electrodes attached to it. 


Volume Resistance—The resistance offered by 
a material to the passage of direct current 
if passage of current through or over its 
surface layer is prevented. 


Compressive Strength—The ability of a ma- 
terial to withstand compressive loads without 
complete failure. 


Flexural Strength—The ability of a material 
to withstand bending loads without com- 
plete failure. 


Impact Strength—The ability of a material 
to withstand a sudden blow without com- 
plete failure. 


Tensile Strength—The ability of a material 
to withstand tensile loads without complete 
failure. 





of most significance to the electrome- 
chanical designer. 

H. L. Saums, E. H. Olson, W. W. 
Pendleton of Anaconda Wire and 
Cable Company report in AIEE 
CP#5054 on the present status of 
‘Epoxy Enameled Magnet Wires.” 
This Class B (130° C) insulation is 
compatible with the usual commercial- 
ly available insulations, most impreg- 
mating varnishes and compounds. 
Epoxy resins exhibit exceptional chem- 
ical stability, being undamaged by 
stong alkaline solutions at relatively 
high temperatures. 

In “Progress in High Temperature 
Applications of Epoxy Resin Insula- 
tion”, AIEE CP#5035, John Delmonte 
of Furane Plastics Co. states that new- 
ef epoxy resin insulating materials and 
curing agents have demonstrated long- 
time thermal stability at temperatures 
tp to 400° F., representing a decided 
advance in performance ratings. Much 
higher temperatures are feasible for 

rt time intervals, such as in missiles 
and rockets. 

“Progress in Silicone Insulation”, 
AIEE CP#5097, is the topic of J. S. 

urley, Jr., of General Electric Co., re- 
Porting on all the basic lines, including 


ne fluids, silicone resins, and sili- 
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TABLE IX 


ASTM Specification 
Relating to Classification 
of Impregnation Varnishes 


Control—The following tests are useful for 
control purposes during the manufacture 
and use of varnishes, and for determining 
the uniformity of batches: 

(1) Specific gravity, 

(2) Viscosity, 

(3) Flash point, and 

(4) Nonvolatile matter by weight. 


Performance—The following tests are useful 
for determining the performance of varnishes 
during application and use: 

(1) Draining (working viscosity), 

(2) Time of drying, 

(3) Dielectric strength, 

(4) Heat flexibility, and 

(5) Oil resistance. 


CLASSIFICATION AND DEFINITIONS 
Alcohol-soluble Varnishes—Clear or colored 


oration of solvents, and that are intended 


materials. 


temperatures, primarily by oxidation. 





varnishes that form films, primarily by evap- 
for application to electrical apparatus that 


may be exposed to mineral oils or related 


Oxidizing Air-Drying Varnishes—Clear or 
colored varnishes that form films at room 
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INTEGRATING 
TACHOMETERS 


Kearfott integrating ta- 
chometers, special types of 
rate generators, are almost 
invariably provided inte- 
grally coupled to a motor. 
They feature tachometer 
generators of high output- 
to-null ratio and are tem- 
perature stabilized or 
compensated for highest 
accuracy integration and 
rate computation. Linear- 
ity of these compact, light- 
weight tachometers ranges 
as low as .01% ahd is usu- 
ally better than + .1%. 











































TYPICAL 
CHARACTERISTICS 


Size 11 
(R860) 
Excitation Voltage (400 cps), 115 
Volts at 0 rpm (RMS) .......... .020 


Volts at 1000 rpm (RMS) .... 2.75 
Phase shift at 3600 rpm... 0° 
Linearity at 0-3600 rpm .... .07 


Operating Temperature 


Range ...........-.. — 54° +125° 


Write for complete data. 


KEARFOTT DIVISION 
GENERAL PRECISION INC. 


LITTLE FALLS, NEW JERSGEV 
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Attention 
Mr. President 


Do 
you need 
capable 
management 
assistance 
in 
MARKETING 
SALES MANAGEMENT 
SALES PROMOTION 
ADVERTISING 
PUBLIC RELATIONS 
CORPORATE IMAGE PUBLICITY? 








An Experienced 
mature and well 
recommended executive— 
now successfully completing 
a five year assignment— 
can be your Vice President of 
Sales and Marketing or 
General Sales Manager. 





He’s 
thoroughly experienced 
with a proven record 
of accomplishment in 
Electronic, Electromechanical and 
Mechanical Sales, 
Merchandising and Marketing. 
His educational and 
business background 


are exceptional. 


This Man 


known and-recognized for his . 
“drive” and ambition now wants 
a new and interesting challenge. 





Just drop a note to 
Box 200 
ELECTROMECHANICAL DESIGN 
1357 Washington St. 
West Newton 65, Mass. 
and you'll receive his resume by return mail. 


78 





COMPONENTS & 
e DIGEST 


cone elastomers as well as modifica- 
tions of these products which fit into 
electrical applications. Silicone resins 
have been known for their excellent 
electrical properties, but they have 
lacked in physical properties and ease 
of handling. The real advances have 
been improvements in handling proper- 
ties. Outstanding among the new de- 
velopments are the new low tempera- 
ture curing resins, cured at 100° C to 
150° C with far superior properiies. 

Solventless silicone thermosetting 
varnishes are available for impregnat- 
ing, encapsulating and potting of elec- 
trical devices. 

Progress in silicone elastomers can 
be measured in terms of improved 
physical properties, more reliable data, 
and more varieties of compounds to fit 
existing needs. By optimizing moisture 
resistance and heat resistance with im- 
proved physical properties, a superior 
insulation has been developed for the 
manufacture of motors and transform- 
ers as well as wire and cable. 

Important developments include sili- 
cone rubber with the same shrinkage 
as organic rubbers, low compression set 
compounds which do not require toxic 
additives, and new high strength rub- 
bers. A series of compounds is capable 
of room temperature vulcanizing. 

In “Selection of Thermosetting Plas- 
tic Systems for Cast Electrical Insula- 
tion”, AIEE CP#5041, Sid Street of 
Reichhold Chemicals Corp., lists the 
special advantages of cast insulations: 
@ Provide a neater appearance 
@ May provide savings in material due 
to high power dissipation capacity 
@ Protect delicate equipment from 
amateur adjustments 

The most important handling charac- 
teristics of casting resins are: 
resin stability (uncatalyzed ) 
pot life or gel time (catalyzed) 
curing time 
curing temperature 
viscosity 
The most widely used plastics for 
cast electrical insulation are phenolics, 
polyesters, and epoxies, which Mr. 
Street compares in detail. Once the 
approximate plastic has been selected, 
inorganic or inert fillers are selected 
which: | 
@ Reduce shrinkage 
@ Reduce exotherm by absorbing heat 
given off during the cure 
@ Provide a thermal coefficient of ex- 
pansion more nearly equal to that of 
the metal conductors, hence, better re- 
sistance to thermal shocks. 






@ Reduce stresses set up during rej 
polymerization 

@ In general, reduce the cost of th 
system. 

Mr. M. L. Manning, of South Dakoy 
State College, in “Functional [jp 
Tests of Apparatus as Compared wih! 
Insulation Material Tests”, AIEE#% 
1293, weighs the advantages and djs 
advantages of tests on materials aloy 
versus functional or prototype appa. 
tus testing. He emphasizes that ingy. 
tions should be classified as systems » 
well as materials. Mr. Manning & 
scribes the insulation system philoy 
phy, the organizational procedure fy 
developing insulations and __ system 
and the important insulation propertig 
He further reviews AIEE work in thy 
area, concluding his presentation wih 
an extensive list of references. 

R. E. Kincaid, Dow Corning Com, 
in AIEE CP#5050, “A New Fast Cp 
ing Silicone Varnish” informs us that 
fast curing silicone electrical impng 
nating varnish is now available. The 
mal life tests as well as functional ip 
sulation system tests indicate that this 
material can be rated as a Class 18% 
and 220C varnish. Yet, since this ve 
nish cures at low temperatures, thereé 
no thermal deterioration of organic i 
sulating materials. This new silicom 
varnish can thus be considered a th 
versal impregnant. 

The subject of compatibility is 
considered by Henry Lee of Epowylit 
Corp., in “Compatibility of Magié 
Wire Insulations and Epoxy Encaj 
lating Resins, AIEE CP#5080. Ont 
basis of many wires and compoutii 
tested to date, and in addition to fei 
experience, he concludes that: 
@ The AIEE twisted pair specime, 
encapsulated in a test tube, providett 
reasonable test specimen for compii 
bility work. 

@ Epoxy resins and curing agent a 
binations vary widely in their compit 
bility with each type of wire, 

@ Some wires appear to be attad 
by the very formulation which 1 
forces several other wires, 
@ The situation, unfortunately, 1 
quires that each compound be a 
checked with each proposed wire. — 

In “Testing and Evaluating Elect 
cal Insulation for Use in Rotating Bi 
trical Machinery,” AIEE CP#0v# 
Mr. Harold V. Howe of Continet 



































Diamond Fibre Corp. briefly covers th KEAE 


general quality contro] testing Wie 
NEMA and ASTM have set up ‘ 
the years to control the quality 
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Recommended for 





Electrical and 
Electronic Equip- 
ment Operating at 


High Temperatures 


TEMP -R-TAPE’ GV 


CHR’S pressure-sensitive, thermal curing Fiberglas tape 
meets MIL-1-19166 and Class H requirements .. . 


Temp-R-Tape GV is made of -004” Fiberglas backing with a silicone polymer ad- 
hesive. This easy to apply, thermal curing tape adheres well to most materials, includ- 
ing Teflon* at temperatures ranging from —100°F. to 500°F. It possesses high 
dielectric strength, excellent moisture resistance and non-corrosiveness properties. Eco- 
nomically priced, Temp-R-Tape GV is specifically recommended for construction and 
repair of electrical and electronic equipment operating at high temperatures. 
AVAILABLE FROM STOCK: 42” to 2” widths, 36 yd. rolls. Special roll widths to 
order, Color, natural. Sold nationally through distributors. 

FREE SAMPLE and folder — write, phone or use inquiry service. 


ELECTRICAL AND INDUSTRIAL SPECIALTY TAPES 


CONNECTICUT HARD RUBBER CO. 


*duPont TM Main office: New Haven 9, Connecticut 
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ARMSTRONG 


VIBRO-FLUIDIZERS 








VIBRO-FLO POWDERS 








FOR COATING BY FLUIDIZED BED PROCESS 
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insulating materials used in rotating 
electrical machinery. He  considgs 
specifically laminated thermoset; 
products, vulcanized fiber product, 
varnished products including 
strips and wrappers, and silicone prog. 
ucts. 

J. F. Dexter of Dow Corning 
in AIEE CP#5079 discusses the fg. 
tors in “Evaluation of Electrical Ing. 
lating Varnish.” In addition to a sump 
mary of the functions of insulating 
varnishes, Mr. Dexter provides an @ 
tensive table of “Properties of Elect. 
cal Insulating Varnish” listing 27 prop 
erties and their associated test methoh 
developed by AIEE and ASTM, anf 
listed in military and federal specifi 
tions. He provides a brief review ¢ 
the more important test methods fy 
evaluating varnish including items such 
as bond strength, curing characteristig 
bond strength at high temperatures 
solvent and oil resistance, adhesion 
thermal endurance and radiation p 
sistance. 

Graham Moses and John C. Botts¢ 
Westinghouse Electric Corp., Alf 
CP#5078, in “The Significance ¢ 
Electric Strength of Rotating Machi 
Insulation” reemphasize that electtf 
strength is the most significant insu 
tion characteristic for large elect 
machinery. The insulation must be abl 
to support the normal and abnomi 
voltages encountered during 
decades of service. Voltage endurant 
is the ability of insulation to succet 
fully withstand prolonged _ elecitt 
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Designed especially tu. 













coating objects by the 
fluidized - bed process. 
Units supplied complete 
with flowmeter, air. 
driven vibrator and 
safety pressure regu- 
lator to reduce pressure 
from compressed air 
supply. Five lab and 
production size units up 
to 48 gal. cap. 
Special sizes 
available. 


Armstrong Vibro-Flo epoxy and thermo- 
plastic resins supplied in powder form 
especially for use in fluidized-bed coating 
process. “E” series epoxy resins which 
have long storage life without refrigeration 
are available in wide range of colors. Cur- 
rently being used as 
insulating coating on 
many electrical applica- 
tions such as coils, 
stators, armatures, re- 
sistors and other elec- 
trical components. 





Stator insulated 
with Vibro-Flo 
E-201 epoxy powder 
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stress. Arbitrary short time dielect 
tests are not necessarily suitable ff 
new and untried materials. 
“A survey of the Recent Devel 
ments in High Temperature Electrial 
Insulation for Rotating Equipmetl, 
AIEE CP#5065, by Jack T. Wilm 
and Jack C. Davis of Louis Allis G 
points out that the high temperatilt 
environments and _ corrosive ati 
pheres in which some electrical com 
ponents must operate indicate matem 
and design problems of a high ordert 
magnitude. These new applications 
quire electrical equipment capable @ 
operating at ambient temperatures# 
800 degrees F and higher. The sur 
describes a completely inorganic 
sulation system which is evaluated ® 
several integral horsepower motors? 
the Louis Allis Company over sevé® 
thousand hours at 800 degrees F wi 
very slight electrical deterioration. 
authors conclude that little special @ a 
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fort is required for handling and proc- 
-.¢ these inorganic insulations, that 
stability is good to 1000 de- 
F and the system is inert under 
bombardment. However, the 
igsulation does not yet meet the strin- 
t requirements for military appara- 
ys in respect to vibration, shock and 
moisture resistance. 
J. E. Rogers of the Silicones Div. of 
Ynion Carbide Corp., brings us up to 
on “Developments in Silicone 
for Application in Insulation 
” AIEE CP#5095. He points 
gat that over the past few years silicone 
mbber has been gaining wide accept- 
ance as a coil-to-ground insulation for 
fom-wound coils of large rotating ma- 
chines. Its features include: 
@ excellent electrical properties 
@ resistance to moisture, chemical 
attack and weathering 
@ ability to absorb mechanical shock 
@ excellent thermal stability. 
Properties and recent advances in the 
we of silicone rubber are described. 
“Thermal Stability of Epoxy Encap- 
giated Magnet Wire”, AIEE CP 
#5068 by E. W. Daszewski, Essex 
Wire Corp., also covers the subject of 
insulation compatibility. The conclu- 
sions reached by the author are: 
@ Compatibility does not appear to be 
a problem with polyvinyl formal wire 
since thermal life is not reduced by en- 
capsulation in any of the six epoxy 
compounds investigated. With nyform, 
epoxy, acrylic, and oleoresinous wire, 
reduced life can result from use of an 
improper encapsulant. Life of encap- 
silated modified polyester is lower 
than the untreated wire in all six sys- 
tems. 
# © Optimum thermal stability for a 
specific wire depends upon the epoxy 
acapsulant and is obtained only 
through a careful selection of the com- 


e Optimum thermal stability for a 
system depends on the selection of both 
the wire and the compound. 





WORTH FILING 
NEMA Standards Guide 


The 1960 Guide to NEMA Stand- 
ards Publications contains descrip- 
tions of books which cover a wide 
Tange of electrical equipment. 
Some of these publications deal 
with equipment never before cov- 
ered by NEMA Standards. 


Source: National Electrical Manufacturer's 
Assoc., New York, New York 


For your copy: Write No. 312 cn Inqui 
| 4 ry 
Card, " 














ppertubing” 


stant Covering for All Applications! 


Zippertubing, an economical on-the-job method 
of jacketing, is a flat tape, available in a wide 
range of materials, that has a patented extended 
plastic track electronically welded to both edges. 
The tape or jacket is wrapped around the object 

to be covered so that the tracks engage, then “zip” 
shut. If permanent closure is required, a special 


sealant is provided that fuses the tracks together. 


GENERAL MILITARY TYPE 

PURPOSE with overlap 

Standard Type 74 meets 

without overlap. requirements of 

Generally conforms MIL-I-7444B. 

to MIL-I-631C. Type 63 meets MIL-I-631-C. 
QPL certificates of conformance or 


test reports furnished on request. 
PAT. AND PAT. APP. FOR 


SHIELDED ZIPPERTUBING® 


Available in aluminum or copper. These con- 
ductive metals are laminated to vinyl-impreg- 
nated Nylon or glass cloth. When zipped 
around wires, it provides immediate 100% 
coverage for grounding RF and UHF 
interference. 


THERMAZIP 


Protects cables or pipes from high temperature 
exposures. Type ALAS utilizes aluminized as- 
bestos cloth. Type ALSR utilizes silicon rub- 
ber-impregnated glass cloth. 


ZT PROTECHTORS® 


NEW! Protective plastic covers with plastic 
zipper closure for splices and break-outs. In- 
stallation time is measured in minutes — not 


eda ' w= hours! Full range of sizes and colors. 


DESIGN SERVICE SPECIAL 
CONSULTATION 
Skilled 


Zippertubing At your request, 

engineers are at our Field Engineer 

your service in will call or you 

the designing can mail your 

of intricate configurations that = design concept to 
will offer you the best, most “* us for evaluation 
economical method of obtaining and quotation. 
the protection you require. All requests confidential. 


He Zlppertubing co 
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put Bedi £1@ in your designs 


HEINZE 
UNIVERSAL 
MOTORS 

> 











TO FIT INTO 
PROJECTORS 


...Or can openers...or blenders 
... Or meat slicers... or vacuum 
cleaners . . . or any place that 
limited space demands a small 
powerful motor. 


In addition, Heinze Universal 
Motors are rugged to withstand 
tough applications, have high 
starting and running torque, are 
versatile to allow all types of 
mounting arrangements and mod- 
ifications, are uniform in qual- 
ity, are keyed to high production, 
and are competitively priced. 


Standard voltage rating is 115V 
AC/DC but motors are supplied 
for other voltages. 


Send coupon for catalog. 


ELECTRIC COMPANY 
685 Lawrence Street, Dept. ED 
Lowell, Massachusetts 


SUB-FRACTIONAL HORSEPOWER MOTORS AND BLOWERS 





Please send catalog on Heinze Sub-Fractional 
Horsepower Motors and Blowers. 
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New Insulations For 
Electromechanical Designs 


The general nature of this Digest does 
not permit integration of product infor- 
mation. Such information submitted 
from manufacturers is included here as 
a useful addendum. 


Bonded Mica 


In our December, 1959 issue (p. 58) 
we reported that design engineers have 
paid insufficient attention to the possi- 
bilities of applying inorganic insulators 
as structural components in electro- 
mechanical assemblies. For example, 
bonded mica—combining high mechani- 
cal strength, high dielectric strength, 
high durability and moisture resistance, 
low weight, resistance to oils and or- 
ganic solvents, low thermal conductiv- 
ity and high stability—is currently used 
in the manufacture of disks, slot liners, 
field coil insulators, small stampings, 
commutator end rings, channels and 
troughs. However, for most of these 
applications, the bonded mica is es- 
sentially applied for its excellent elec- 
trical insulation characteristics. Many 
areas possibly exist in which assemblies 
can be reduced in cost by replacing 
two or more parts with one made of an 
insulator that performs mechanical and 
structural functions as well as insula- 
tion functions. 

However, information regarding me- 
chanical properties of bonded mica has 
not been easy to obtain. For this rea- 
son we asked New England Mica Co. 
of Waltham, Mass. to run some strength 
tests on several of their formulations. 
Here are some of the results determined 
by Prof. Ernest Mills of Northeastern 
University’s Department of Mechani- 
cal Engineering. 

Prof. Mills tested three of New Eng- 
land Mica’s formulations; an organic 
bonded mica, a molding plate mica, 
and a commutator segment plate mica. 
The results varied somewhat over a 
number of tests because of the non- 
homogeneity inherent in formulations 
based on built up mica plates. Ulti- 
mate tensile strengths averaged, for the 
three formulations, from 8700 to 13,- 
400 psi. Consequently, Prof. Mills rec- 
ommended tensile strengths of 5000, 
7500, and 9000 psi as the safe mini- 
mum. Because of the negligible defor- 
mation of these materials, percent elon- 
gation and percent reduction in area 
have no meaning. Modulus of resilience 





values averaged about two inch 






absorb energy under static loadin & 
Failure does not occur in the cen, | 














manner usually associated with brittle § ion against 
materials, but in a laminar fashion, tudes. Maxi 

Normally, bonded mica formulatign § ing *e™PET 
are not recommended for flexure appl, § 0 F, Mel) 
cations; however, some manufa Write No 


























do offer special formulations for appl. 
cations in which formed parts my Parchment 
withstand bending stresses. Befoy insulat 
selecting or designing such parts, cheg New ht 
back with the source of supply fy tuble parc 
recommended formulas and safe woh @ 
ing stresses upon which to base 
design. New England Mica’s mold her paper 
plate formulations indicated that mod: 
lus of rupture values can be had wi 
minimum working stresses varyigg ‘ 
from 18,000 to 30,000 psi and asso § pachment, 
ated yield strengths varying from 19 
000 to 25,000 psi. Modulus of elasticity 
in bending varied from 8.0 x 10° psi a9 volts for 
10.0 x 10° psi. These values were fairy for glassine 
constant, irrespective of the directig§ good o 
in which the test specimen was of” age 
from the bonded plate. Tests were np >. She . 
as a simple beam with center poiif “ . 
loading perpendicular to the flat sidg a x 
of the bonded plate. Because of pop eae 7 
sible size effects, designs should ka. os eu 
checked out with the mica supplier, vin vole 
Shear tests perpendicular to the sm ae 
face of the plate yielded essentially (ap to 4 ; 
similar results for all three formulation oi * 
and averaged from 12,000 to 15,0) the _ 
psi. Test-plate thicknesses varied from ins St | 
0.2 to 0.25 inches. Bl on extre: 
ing purity. | 
Co. Bristol, | 



















Fiber Resins 










Synthetic fibers in combination wil pen 
compatible plastics resins produce: 
flexible chemical and temperature & Miniaturize 
sistant insulation that is not bulky a With additi 
provides good protection. Desigatél 7. 
Duroid 2100 insulation is intended ff a: . 
hermetic applications where resistaig gu 
to freon-oil mixture is a requiremetl ay a4 
Rogers Corp., Rogers, Conn. a Boy 
Write No. 387 in Box on_ Inquiry ‘ strengths anc 
f terial that 
Thermocouple Insulation ‘#vacuum tigh 
ment for th 
Ceramic insulators for thermocoupl even the mo: 
used in temperatures up to 3200°F% dumins 
now available in lengths as long# y. Dia 
48”. Extruded from a 96% alumi ting Co. s 
composition, the tubing has a silt Write No. 
content of 1% or less. O.D. size Taig 
is from .040 to 1” with single or GOURE Phonon. 
holes as small as .015”. Saxonbij 49 
Ceramics, Inc., Saxonburg, Pa. “Where low-c 
Write No, 152 in Box on Inquiry Card With good di 
“PMired, elect 
Insulating Varnish a variel 
§ a wide rz 
A new silicone base varnish developig a these co 
especially for use as a protective COMB pecially fc 
ing for electronic components, redwl@§ Metal inserts 
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absorption, protects against 
leakage caused by contam- 
nants and provides additional protec- 
ion against breakdown at high alti- 
tudes. Maximum recommended operat- 

temperature is well in excess of 
400 F. Melpar, Inc. Falls Church, Va. 


Write No. 153 in Box on Inquiry Card 


parchment Paper For Coils 


New insulating material made of vege- 
ble parchment paper is said to pro- 
vide uniform dielectric strength and 

machineability at less cost than 
oF ther paper materials presently being 
Iding ysed in coil windings. Minimum aver- 
‘ moda. age dielectric strength in volts per mil 
ad with ofa two mil sheet of Patapar Insulating 
Varyil§ ® Parchment, or the weakest point of the 
1 assoc sheet at which voltage breakdown will 
ke. R, occur, is $321 volts as compared with 
“Y# 996 volts for kraft paper, and 308 volts 
0° Psi i for glassine paper. Other characteristics 
- fairly ge: good machineability on automatic 
direction or semi-automatic coil winding equip- 
Was Git§ vent, an etched surface which firmly 
Vere TUE anchors the coil wires to the paper and 
ot Po prevents the completed coil stock from 
™ § telescoping, high abrasion resistance to 
¥ diminate guttering and to prevent the 
wire from wearing through the paper, 
good resistance to Class A temperatures 
{up to 105 degrees C), uniform tensile 
# stength in both machine and cross di- 
rection, permanent wet strength so that 
the paper will accept encapsulating res- 
ins without losing insulating properties 
and an extremely low ash content prov- 
ing purity. Paterson Parchment Paper 
Co. Bristol, Pa. 


Write No. 154 in Box on Inquiry Card 
ion will =e 








— Miniaturized Alumina Ceramics 
uly With addition of new raw material 


vnded ff processing facilities, Diamonite is now 
vesistall idlivering miniaturized alumina cera- 
nireail mic parts and components on a full pro- 
~~ fiction basis. The company can now 
_ improved physical and dielectric 
viry “#® stengths and low loss factors in a ma- 
Pitial that is easily metallized and 
# Yum tight. Research and develop- 
ment for the complete fabrication of 
a PF ‘ven the most intricate requirements in 
00°F alumina ceramic miniatures is un- 
: long # deway. Diamonite Products Manufac- 
alumi turing Co., Shreve, Ohio. 


; a Sl ; Write No. 388 in Box on Inquiry Card 
1Ze i 

or collé} Phenolic Resins 

saxOnvw 


a. Gi Where low-cost, light-weight insulators 
y Card B With good dimensional stability are re- 
PF Wited, electrical-grade phenolic resins 
4 4 variety of additional properties 
4B 8 wide range of applications. Some 
develope of these compounds are formulated 
‘pecially for molding around large 
metal inserts. Each fulfills, within its 
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Conavenro’ Thermocouple Wire 


Meets Severe Conditions 
Where Durability, Hi-Temp Resistance Are Needed 






LRBSUUVARraRReaarensananasararesrssrs® 











© 
Coram thermocouple and ther- 


mocouple extension wires are designed 
specifically for severe conditions—con- 
ditions where ordinary T/C wires are 
inadequate. First developed by Thermo 
Electric, ‘‘Ceramo” wires incorporate ceramic insulation with over- 
all metal sheathing. They’ll solve your problems of high temper- 
ature, abrasion, chemical or corrosive action, pressure and difficult 
installation. You can bend them to almost any shape. As extensions, 
you can often use them without conduit. And under these condi- 
tions they'll outlast comparable standard types many times—with 
no significant difference in response. Choice of conductors in all 
standard calibrations and various sheath materials for tempera- 
tures up to 3000°F. Conductors—36 to 12 gage. Overall diameters— 
1/25” to 7/16” for thermocouples; 4%” and 14” for extensions. 


Write for Bulletin No. 31-300-8 


Thermo Electrie G..nc 


SADDLE BROOK, NEW JERSEY 
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MAN-MACHINE 
SYSTEMS 





The Litton Marine Tactical Data System (AN/ASA-27) is a 
digital computer-centered system using CRT and numerical 
displays, and advanced read-in/read-out equipment. Unique 
interface components integrate the system with sensing and 
communications equipment. It is designed to aid Marine 
assault forces in combatting any air threat the enemy can 
mount. If your discipline can contribute to further advance- 
ment in this area, write to Mr. S. L. Hirsch. 





LITTON INDUSTRIES Electronic Equipments Division 
Beverly Hills, California 


















































NEW SERIES of 
Antenna SLIP RING 
Assemblies 


12 to 
500 RINGS 


A standardized line of large Slip Ring 
assemblies, designed for a multiplicity of 
instrumentation, control and power cir- 
cuit applications. First production assem- 
blies are in use on radio telescopes, 
radar and tracking antennas and human 
centrifuge installations. 


Assemblies vary from 12” to 72” in 
length, are either shaft or flange ball- 
bearing mounted and may be specified 
with hermetically sealed housings. Noise 
levels are held to a minimum. So are 
intercircuit losses, cross-talk and radia- 
tion, through proper shielding. 











For complete information, write: 


SLIP RING COMPANY 
of AMERICA 


3612 West Jefferson Bivd., Los Angeles 16, Calif. 


ll 
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intended field of application, a given 
set of requirements. For example: one 
provides high dielectric strength at 
elevated temperatures; another offers 
good arc resistance; while still another 
has a low dissipation factor and high 
volume resistivity. Several are designed 
to meet military specifications. In elec- 
trical applications where exposure to 
high humidity for long periods presents 
a problem, diallyl phathalate molding 
compounds reinforced with Orlon or 
glass fibers are giving highly depend- 
able service. These materials retain 
high insulation values over extended 
periods at relative humidities above 90 
percent, do not corrode metal inserts, 
exhibit consistently reproducible arc 
resistance, and provide virtual freedom 
from cold flow and creep. Other char- 
acteristics include good electrical prop- 
erties, low water absorption, and high 
impact strength. Durez Plastics Div. 
of Hooker Chemical Corp. No. Tona- 
wanda, N.Y. 


Write No. 389 in Box on Inquiry Card 


Silico-Ceramics For Hi-Temp Seals 


Glass has been the conventional seal- 
ing material, but at temperatures 
greater than 425°F, most glasses be- 
come conductors due to their alkaline 
ion mobility. Use of ceramics to replace 
glass solved the high temperature con- 
ductivity problem, but since true cera- 
mics leak gas, they were of no use for 
high pressure sealing purposes. Silico- 
ceramics, a combination of the best 
features of both glass and ceramic ma- 
terial, was developed to provide a close 
matching between the sealing material 
and the metals to be sealed. At Physical 
Sciences Corporation a close matching 
of Durock, a patented silico-ceramic, to 
certain metals, made possible the de- 
velopment and manufacture of a wide 
range of conductors, cables, connectors 
and potting material. Although recently 
developed, these silico-ceramics have 
been tested over many months at ex- 
treme temperatures and pressures and 
in nuclear fluxes both in the laboratory 
and in the field. Using Durock, con- 
nectors in most standard configurations 
are sealed for use at 1200°F ambient. 
Test of the seals indicates leak rates of 
2 x 10cc of helium per second and a 
safe pressure in the standard subminia- 
ture connector series of 1000 psi at 
1185°F. Effects of radiation on the 
seals are controlled by eliminating 
boron, cobalt, nickel, and other high- 









cross-section-capture materials to ghy 
a barns capture of less than 20, 

is lower than the stainless steg| 4 
which the seals are mated. Use of J! 
rock as insulation for magnet Wire pe. 
mits continuous operation at 100% 
Three standard Durock potting gp 
pounds are available in maxiny 
temperature ranges of 2000°F, 300g 

















and 4000°F. 
Write No. 390 in Box on Inquiry Card i t 






Insulation Literature 





A number of manufacturers are of 
ing literature and catalogs on ingh 
tion materials. We are presenting thi 
brought to our attention that amg 
continual use to designers of elegy 
mechanical components and sysig 
For your free copy write the appr 
ate number in the box on the req 
service card. 














A machine formable insulation for 
tor assemblies is produced by W,j 
Ruscoe Co., Akron, Ohio. Free ten fgg 
sample. 


Write No. 136 in Box on Inquiry Card 







Technical data on Class H, Class} 
and Class B insulating varnishes 
provide a full range of choice in the 
mal rating and physical and elects 
properties, in types of solvents andj 
curing schedules. Sherwin - Willa 
Co., Cleveland, Ohio. 


Write No. 137 in Box on Inquiry Card 


Test report, used as a guide in wires 
lection, covers a series of thermal agi 
tests that determine the compatiili 
of a numbr of magnet wires withe 
capsulating compounds. Essex Wi 
Corp., Fort Wayne, Indiana. 

Write No, 138 in Box on Inquiry Card 





Hysol Corp. of Olean, N.Y., has p 
lished a “Systems Selector” covering 
line of epoxy encapsulating compou 
that deliver superior insulation, mé 
ture, chemical and abrasion resistant 
Write No. 139 in Box on Inquiry Card 


Data sheets and samples on extn 
silicone rubber fiberglas sleeving ¢ 
be had from Bentley-Harris Mfg. 

Conshohocken 6, Pa. 


Write No. 142 in Box on Inquiry Card 


Alumina-silica fibers called Fibem 
are light in weight, yet physi 
strong. With their low thermal 6 
ductivity, these fibers will withst 
continuous use at temperatures Up 
2300° F and can be used at hig 
temperatures for shorter periods 
time. Booklet describes the propelt 
and the many forms available. 

rundum Co., Niagara Falls, N.Y. 


Write No. 144 in Box on Inquiry Cord 
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covering 

-ompor ; 

all .—This 16-page 
ia bulletin contains complete information and detailed specifications 
* on the industry’s broadest standard line of hermetic bushings. 
Gives important performance data on ALITE High Alumina Ceramic 
—complete details on Alite’s electrical properties, mechanical 
strength, temperature resistance, etc. Facts on over 100 standard 
sizes of high voltage terminals, feed-throughs, cable end seals, 

plus helpful information on special applications. 


You'll want to have this catalog handy when ordering standard 

Fiber terminals, or when requesting quotations or engineering assistance 

physie on special ceramic-metal assemblies. Let us put a free copy on 
ermal @ your desk. Write today for Bulletin A-40. 

withst 
ures up = 
| at 2 ALITE i New York Office 
periods | ' 
» propett DIVISION =i 60 East 42nd St. 
_ " U. s. STONEWARE 
icy Cal BOX 119 ORRVILLE, OHIO = 
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SERIES 200 SINGLE POINTER INDICATOR 
For applications requiring accuracies and res- 
olutions of less than .2% and high speed 
of response, 




























SERIES 200 DUAL POINTER INDICATOR 
For high resolution and accuracy application 
where readability and dynamic response are 
important. 








SERIES 300 DIGITAL DISPLAY INDICATOR 
For highest accuracy and resolution. 


* 
NS ll ciliated. 
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¥ inush hok 

& Oy gerts and 1 

@ OF Wilningto 

Write N 

The Mosin 

32 page manual contains step by Slat 
ing 

procedures for testing insulation B otur 














ance. Methods are outlined for @ 
lishing minimum acceptable limits @ P™ 






































insulation resistance for a wide Write Ne 
of equipment. Describes simple ¢ ; 
for asians records of insulation reg at f - 
ance measurements, and how to ty riety : nf, 
as a dependable means of predict Hard Ru 
failure in motors, transformers and jh Write No 
equipment. Associated Research Cop§ “picg Pape 
Chicago, Ill. (1960 editi 
Write No. 145 in Box on Inquiry Card on forms a 
Guide to Silicones includes adheg ers 
release agents, laminating resins, 1 SS desi ; 
ber compounds, electrical , = 
and water repellents. Provides an op . 
reference to silicone materials that  Minnesoi 
sist the effects of time, heat, moist Schenectad 
weathering, oxidation and chemical y 
tack. Dow Corning Corp., Mid pom No. 
Mich. ae, 
Write No. 146 in Box on Inquiry Card = ly 
8 page booklet describes the propeti tigh alumins 
and uses of Limitrak, a surface-co cen 
insulating material. When paintet ist 
sprayed on electrical equipment, # 1, ible to high 
provides a tough surface that is higi i end 5 
track and arc resistant. Westingh tins, Alite I 
Elec. Manor, Penna. rile, Ohio 
Write No. 147 in Box on Inquiry Card tine ve 
Charts in an 8 page booklet on a 





polyester film, give physical, elect 
and thermal properties and show! 
sistances to a wide range of che 
attack. Text shows 30 current apf 










a Resin | 
pon a on 
ig wpsulating a 








































































tions in electrical, packaging and di coils. Jol 
fields. Cadillac Plastic & Chemicalé NJ. 
Detroit, Mich. Write No, 1: 
i ; i iry Cord 
Write No. 148 in Box on Inquiry Va 1, No. 1 
High purity ceramic grains, Gp ‘LON” cor 
Alundum, can combine with epoxy users an 
ins or silicone compounds for weg. ™Ponents w 
potting, encapsulating, or sealing. # e Nemo 
ceramic grain, when used in cea ™ — 
type mixes or in insulating powie Write No. 12 
lends itself to casting, molding 0) a 
tending of sleeves, shells, tubes, cum _ 
and other parts. Detailed applicigy ind the | 
information is available. Norton 4 1S cal ins 
Worcester, Mass. “tyr 
Write No. 149 in Box on inquiry Corl ew Yc 
Write No, 123 
Properties of Havelex, a rigid ino, : 
insulating material composed of § pe electrical a 
glass reinforced with mica, are? on epoxy 
Use of Havelex permits continuow ue mater: 










eration at 1000°F with high diel lates, is avai 
strength, arc resistance, and n0 » Los A: 
ture absorbtion. Various shapé Wite No, 124 
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parts include terminals, switchgear, 
vacuum tubes, coil forms, insulators, 
sh holders, actuators, connector in- 
gets and many others. Haveg Ind. Inc., 
Wilmington, Del. 


Write No. 150 in Box on Inquiry Card 


The Mosinee Paper Mills Co. of Mosi- 

Wisc., has a free data file contain- 
ing samples of quality laminates made 
fom saturating and impregnating pa- 


Write No. 391 in Box on Inquiry Card 


ple M8 Data on silicon rubber tapes of a va- 
100 riety of types is available from Conn. 
to 

(8%) Hard Rubber Co., New Haven, Conn. 
ee Write No. 392 in Box on Inquiry Card 


rch Cop *\ica Paper for Electrical Insulation” 
(1960 edition) contains complete data 
ry Card B on forms available, types of binders, 
; ications, properties, NEMA stand- 
achesii® sds and MIL specs. Should be useful 
SINS, ME fr designers of rotating electrical 
sui) equipment, electronic gear, capacitors 
€S an @% ood instruments. Mica Insulator, Div. 
Is that # Minnesota Mining and Mfg. Co., 
» MOISE Schenectady, N.Y. 


Write No. 119 in Box on Inquiry Card 


Alite High Alumina Ceramics contains 
information and detail specifications on 
J alumina ceramics with important 
1D ce data on electrcal proper- 
we 4 ties, mechanical strength, temperature 
“} resistance and other properties applic- 
ible to high terminals, feed throughs, 
tble end seals and special applica- 
tions. Alite Div., U.S. Stoneware, Orr- 
ville, Ohio. 
Write No. 120 in Box on Inquiry Card 













ig Dita sheets and a 1960 edition of an 
Resin Selection Chart are avail- 

on a one package system for en- 

wi apsulating and impregnating stators 
"ahi coils, John C. Dolph, Monmouth 

. A, H ction NJ. 

Write No, 121 in Box on Inquiry Card 


as 






Yo. 1, No. 1 of a new “Journal of 
yy TEE ON” contains articles of interest 
# all users and designers of electrical 









; for uwegemponents wire and cable. E. I. du 

sealing. 0 de Nemours & Co., Wilmington, 
in COls wa 

e vows Write No. 122 in Box on Inquiry Card 


‘Mew reference book devoted exclu- 
‘dgeey to the use of vulcanized fibre 

# electrical insulation is now available 
t Spalding Fibre Co., Inc., Tona- 
nda, New York. 


Write No, 123 in Box on Inquiry Card 








quiry Cord. 













gid ino, : 

mt of spe clectrical and physical properties 
a. are life 2 epoxy solventless varnishes, a 
ontinuotll ecitic material that penetrates and 


Mates, is available from Furane Plas- 
§ Inc., Los Angeles, California. 
Mite No. 124 in Box on Inquiry Card 


igh diel 
and no 
. shapes 
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Y-26 
HIGH HEAT 
MICA PLATE IS 
COMPLETELY 
INORGANIC, 
HAS HIGH 
REFLECTIVE 
VALUE 

AND IS 
RESISTANT TO 
650° CENTIGRADE AVAILABLE IN LARGE SHEETS 


OR PIECES STAMPED TO YOUR 
DIMENSIONS. 





CLASS C 
INSULATION 



















COMMUTATOR MICA INSULATION FLEXIBLE MICA 
MPOSITES 
Molding Plate — Segment Plate , & Co 
— Mica Rings — Mica Segments. f 
— Mica Bushings 
Class B and Class H ‘ 
For all types of starting and 
generating motors 
Accurate to specified dimensions 
Properties controlled to assure 
fullest efficiency of assembly 
and operation of commutators 
Class B and Class H 
es Sheet, roll and tape forms 
Formed slot liners 
= peti: 
‘ = ghia 
COIL & SLOT MICA TUBING 


INSULATION 





Molded or formed to 
specified dimensions Round, square, rectangular 


Class B and Class H 





Tell us your area of interest and we will send generous samples for testing — or, send 
drawings for quotation and learn how you can have better insulation at lower cost. 


NEW ENGLAND 4 
Mica CO., INC. 


WALTHAM 54, MASSACHUSETTS 


WRITE NO. 83 IN BOX ON INQUIRY CARD 


NOW... 


smaller than ever 
TYPE LK rectangular 


High Voltage 


CAPACITORS 


If you require a smaller capacitor with 
much longer life, find out about our Type LK. 
Designed for 4 times the life of MIL-C-25A may be operated to 125°C 
with case sizes as much as 80% smaller. $00 t 50,000 volts 

For full details, write for Bulletin LK. 


FREE! Hove you received our pocket size '‘Comparator™ 
and “Conversion chart?"* Write today! 


Pirstie Capacitors, »: 


2620 N. ‘Clybourn Chicago 14, Illinois DI 8-3735 








Other advantages include: 


superior resistance 
better power factor 
a greater overloads 
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ications in Electrical Apparatus. 


ALSO AVAILABLE No. 112 HEAT CLEANED 
9. 114-139 “VOLAN” FINISHED TAPES 
FOR PLASTIC REINFORCEMENT 


> ith elie aaa 
identification. (any color) 


“Leno Weave” Tape 
RUSCO ENGINEERED FIBERGLAS 


ee 
FABRICS SINCE 1938 


OWENS CORNING FIBERGLAS CORP “ eS ” Leanera aes 
, wage RUEKCO 


THE RUSSELL MANUFACTURING COMPANY 
Diamond 6-7721 MIDDLETOWN, CONN. 






CIRCLE NO. 85 ON INQUIRY CARD 













COMPONENTS & 
| DIGEST | 









-70 to 
@ ® 8 Elec 
the silicone 
for sealing, 
The Mica Industry Association, Ine, molds 


New York, N.Y. has published a tna Write No. 1 
let on natural mica for industry, Qi” 
tains pertinent design information hf” 
engineers. 
Write No. 143 in Box on Inquiry Card Flame resistal 
or a 
Two insulating materials, Armalon gf fron 
Lecton, deliver a range and balangs jf N,J. 
electrical, thermal, chemical and mh Write No. 1 
chanical properties. Available ful” 
E. I. duPont de Nemours Co, Wj 
mington, Del. 
Write No. 126 in Box on Inquiry Cord § Gontaining Si 
ies, a free 


g an 



























Complete information on vinyl 
available from H. K. Porter Co., Phil 
Penn. 

Write No. 127 in Box on Inquiry Card — duracteristics 
13-page booklet on paraplex and m ' ep 
plex plasticizers contains detail ted tits detailed 


cal information on properties and ap washe 
cations. Rohm and Haas Co., P i adets, cuttin 
Pa. ‘key ta 

Write No. 128 in Box on Inquiry Card ods, are shi 
Union Carbide, New York City, ie egg ' 
collected a lot of information oi) pitch sile 


applications of their BAKELITE @ 
resins. 
Write No. 129 in Box on Inquiry Card 


“Write on 
R$, Christie 
New York 10, 
Minn. Mining & Mfg. Co., St. Pale” Write No. 3: 
Minn. has recently marketed a poly” 

ter film electrical tape with a1 
corrosive, pressure sensitive, ther 
setting adhesive on both sides, Gi 
plete data and information available 


Write No. 130 in Box on Inquiry Cond 


tables 0 


Free samples of Varglas Silicone G™ 
H tubing and sleeving for applicaii@g™ ee versa 
requiring prolonged heat endurant i 
temperatures up to 260°C are a 
from Varflex Sales Co., Ince., I 
N.Y. 

Write No. 131 in Box on Inquiry Card 





Technical data on marine cable intig> 
tion is available from  Raybeiipuae 
Manhattan Inc., Manheim, Pa. Fom 
lated on an aesbestos base papel Mpiite 
tapes have superior qualities of I@gpmitted the 
water and corrosion resistance, Gigi 
lent dielectric strength, good hant 
strength and meet MIL specs; com 
unit of area is low. : 

Write No. 132 in Box on Inquiry Cam@ 



















Data sheets on Diall molding ® 

pounds that are flame resistant) 
heat resistant are available from mgm 
Plastics Co., Los Angeles, Cal. 


Write No. 133 in Box on Inquiry Cord 
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data and samples of RTV 


gubber, a new liquid rubber 
ures without heat and is useful 
4 ~70 to 600 F is available from 
Electric in Waterford, N.Y. 
the silicone rubber is recommended 
(qe sealing, electrical insulation and 

nk fasble molds. 
a bok Write No. 134 in Box on Inquiry Card 

7 Coy 

ation fy 


y Cord fume resistant epoxy in custom mold- 
garts or as a liquid epoxy resin is 


nalon aul a from Epoxy Products of Irv- 
alance i ington, N.J. 
Write No. 135 in Box on Inquiry Card 
ble 7 
Co., 


y Cond | tnisining samples for experimental 
Figs a free kit is a practical aid in 

rinyl tay qugesting answers to materials-selec- 
2o., P cb m problems for products requiring 
ical, chemical and electrical 

ry Cord | ens of industrial plastics and 
materials. Samples, selected in 


and m , g@ntasting categories to afford a com- 
ail tel ete detailed study of each material, 
and api inde washers, insulation, bushings, 


10., Phill packet , cutting sticks and boards, gear 
| blank: ‘key tags, slot wedges, terminal 
ry Card § iocks, arc shields, switch panels, grom- 
City. b mes, brush holders, electrode supports, 

BL ii pitch silent gears, cams and bear- 
on on i. 


TE \ rite on company letterhead to: 
15. Christie & Co., 175 Fifth Ave., 


ty Cart Tew York 10, N.Y. 
St. Pal Write No. 339 in Box on Inquiry Card 
1 a po 


th a 
e, them 
des, 0 Tite tables of conveniently organized 
vailablep mamation provide mechanical and 
ry Cod | ia properties of high alumina 

ee eentite ceramics; temperature con- 


‘cone Gupasion from centigrade to fahrenheit 
pple @Yice versa and decimal equivalents 
duranemamactions, in increments of 1/64. Also 
re avail om ded are designs for ceramic prod- 


nc., Rong: Centralab, Milwaukee, Wisc. 


" Wite No. 345 in Box on Inquiry Card 
jiry Card 


able insuy 
RaybetigGise-history bulletin reports on how 
Pa. Fon . ings made of Thermaflow, a rein- 
pape, eared polyester molding compound, 
es of Mepmitted the development of speed- 
ince, GREponsive switches that are more com- 
xd handle versatile, and maintenance-free 
cs; COMPEMMR their predecessors. Use of ‘THerma- 
: br provided a saving’ of 4, months in 
siry | “elopment work. Dielectric strength 
‘ tT rmafiow eliminated the need for 
Iding tating bushings, terminal strips, 
sistant SEM*t Spacers, etc., which were required 
‘Previous models. Atlas Powder Co., 
‘al. - | 60D Del. 


i ~ Write No. 346 in Box on Inquiry Card 
ICAL 08 ; 





































We talk a synchronous 
motor language 
at Bristol Motors! 


And that means your language. 
Whatever your needs—we can 
answer them quickly, economically, 
perfectly—with dependable 
synchronous timing motors from 
our standard lines—or 

with motors built to your exact 
specifications. Speed ranges 
from 1800 rpm to 1 rp month. 
Shaft length, voltage variations, 
shift and brake action and 

other special features can be 
engineered to your requirements. 
Ask for the Bristol Motors 
Representative in your area— 
write for new Catalog 160. 


BRISTOL@ MOTORS 


Division of Vocaline 

Company of America, Inc. 

210 Coulter Street, 

Old Saybrook, Conn. 
Dept. ED-5 
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Here is a super-refined, highly 
tile ceramic grain that gives e] 
component designers real Creative [at 
tude. With its superior electricg} ani 








ie 





mechanical properties to work yw { 
even the most advanced desj 
cepts can be translated into pragt 
products efficiently and economj 
Electrochemically refined to ex 
- purity, the outstanding performaneas 
this Norton ALUNDUM Grain in g 
/ & i ti S C 0 e and 900 mesh size, has long made jy Describir 
favorite for coating the heaters of py; product | 
2 wedi “iamera “3 and television tubes. It’s readily aygi contains 
. able for use throughout the electro’ fluoro 
0 C Om On Cl) f CS/ f} industry — not only in the abovey ey resin: 
sizes but also in a large range of cog  %° 58™P 
sizes — for virtually limitless appl that have 
- . tions. tions, cut 
te with ALUND UM For example, ALUNDUM grain opp {0% VAtH 
bined with epoxy resins or sgilig Chem. Ci 
° . - : ~ compounds makes possible super : 
high purity fused alumina grain potting, encapsulating, and _sealiy ong 
agents. Again, used as a basic ingra 
ent in ceramic type mixes or in ingyl 12 pages 
ing powders, it readily lends itselfj— data on 
casting, molding or extruding §§ fuorocarb 
sleeves, shells, tubes, collars, etc. AN ated poly 
in every case, it makes design eaig— styrene. J 
. .. processing more profitable. Fluorosint 
Check the exceptional characte nylon pre 
tics of ALUNDUM Fused Alumina Gril mer Corp 
in the table below. Then get in tou 
with a Norton Engineer for speci Write b 
details on your precise requirement 
He’ll be glad to describe the applit 
tion of this and other types of Nort Three ne 
Refractory Grain to electronic cmp Vel str 
ponent design. Write to Norm characteris 
CoMPANY, Refractories Division, 6 twenty-fou 
New Bond St., Worcester 6, Mass § ‘5 are 
to peroxi 
double bo 
ALUNDUM Fused Alumina Grain —.. 
Gives You these Superior Propertia ted f 
... and many more! ieties aby 
High Dielectric tion econo 
9g Strength nag 
High Electrical Resistance described | 
High Heat Conductivity used to of 
High Resistance to Thermal Shock erties. Thir 
to present 
High Mechanical Strength properties 
High Dimensional Stability resins whil 
properties 
Extreme Hardness Points, exc 
Excellent Abrasion Resistance ure. Food 
. 2 Corp., Ne’ 
Available in a wide range of grains 
*Trade-Mark Reg. U. S. Pat. Off. and Foreign Countries Write N 
One-part 1 
§ 20 mixing, 
"4 truly thi 
a to ve 
ase ali ae ning = 
REFRACTORIES | gam 
Engineered... R ... Prescribed =. 
Resir 
Making better products...to make your products b ettél Write Ne 
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| Describing how thin film coatings solve 
product problems, a 12 page booklet 


8 of ‘contains information on the properties 

lily avai of fuorocarbon coatings, silicones, ep- 

lectre oxy resins and other coatings. Included 

over are samples of successful applications 

‘7 that have frequently simplified opera- 
Ppl tions, cut costs and improved products 

rain d for various industries. Nat. Glaco 

sil Chem. Corp., Chicago, Ill. 

Ae Write No. 356 in Box on Inquiry Card 

c ing A 

in insul 12 pages of properties and application 

S itself data on mill shapes of nylons, TFE 


uding fuorocarbons, polycarbonates, chlorin- 


etc. A ated polyethers and cross-linked poly- 
ign ease styrene. Also includes information on 
le. Fluorosint, a new TFE base resin and 
aractemg nylon pressure hose and tubing. Poly- 
ina mer Corp. of Penna., Reading, Penna. 
t in tout 

or speci Write No. 357 in Box on Inquiry Card 
lirement 

e appli ’ 


of Nora -lumee new epoxy resins displaying 
onic novel structure, reactivity and curing 

Nor Characteristics are described in a 
twenty-four page booklet. Oxiron epoxy 
tesins are distinguished by their ability 
to peroxide cure through reactive 
double bonds as well as to cross link 
through conventional epoxy curing 
agents. These materials can be formu- 
lated for a wide range of superior prop- 
erties and often offer attractive produc- 
tion economies, according to the new 
brochure. Cure systems are thoroughly 
described by means of actual formulas 
wed to obtain a variety of end prop- 
erties. Thirteen different tables are used 
to present the physical and mechanical 
properties of the cured and uncured 
resins while ten graphs illustrate such 
properties as high heat distortion 
points, exotherm and molecular struc- 
ure. Food Machinery and Chemical 
Corp., New York, N.Y. 


Write No. 337 in Box on Inquiry Card 


ision, é 
, Mass. 


sain 
roperties 


1ock 





grain 
Countries 
One-part 100% epoxy adhesive requires 
9 mixing, weighing, or metering. As 
| # truly thixotropic paste, it easily ap- 
Fe mes to vertical surfaces without any 
} ‘ning or sagging and requires short 
t curing to form a strong bond, 
stable at 200 C. Adheres well to all 
temperature-stable materials and ex- 
hibits a high dielectric strength. Meta- 
Resins Corp., Cranston, R.I. 
Write No. 393 in Box on Inquiry Card 
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STATIC PRESSURE — IN. OF H20 
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AIR FLOW—C.F.M. 
MODEL 
E2543-200 























OUR FIELD ENGINEERS WILL GLADLY ASSIST YOU IN YOUR COOLING PROBLEMS 


Air-Marine motors and cooling units have been 
designed and tested to meet the specifications of both 
the military and industry. 


air-marine motors, inc. 


+ 9991 r Avenue 
369 Bayview Avenue 2221 Barry Avenue 


Amityville, L.1., N.Y Los Angeles, California 


in Canada AAE Limited, Weston, Ontario 


WRITE TODAY FOR OUR NEW CATALOG 
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For Your Reference File 
NEW CATALOGS 


For your free copy of the literature listed on this page, enter the appropriate 
number of the item on the Inquiry Card. 





Pilot Lights 

Categories of pilot lights, covered in 24 
pages, include: sub-miniature indicator 
lights, pilot lights with built-in resistors 
for neon lamps, enclosed-type assem- 
blies for incandescent and neon lamps, 
edge lighting assemblies, oil-tight indi- 
cator lights, assemblies with dimmer 
caps and press-to-test and press-to- 
switch indicator assemblies. Dialight 
Corp., Brooklyn, N.Y. 

Write No. 358 in Box on Inquiry Card 


Permanent Magnet Motors 


Performance and specification data on a 
new line of 1% in. diameter, permanent 
magnet motors rated at 1/45 to 1/30 
hp. Globe Industries, Dayton, Ohio. 
Write No. 359 in Box on Inquiry Card 


Cabled Tubing 


A 12 page bulletin on cabled tubes for 
instruments and controls describes the 
various types of tubing, the protective 
armor, and types of corrosion-resistant 
sheaths, as well as instructions for in- 
stallation. Also covered are various ac- 
cessories such as terminal fittings, junc- 
tion boxes and clamps. Crescent Insul. 
Wire & Cable Co., Trenton, N.J. 
Write No. 360 in Box on Inquiry Card 


Moldings 


Comprehensive analysis of large polyo- 
lefin moldings used for neutron moder- 
ation and shielding on original equip- 
ment components covers three types: 
branch-type polyethylene, linear-type 
polyethylene and newly developed 
polypropylene. Selected references of 
typical applications are included. Amer. 
Agile Corp., Bedford, Ohio. 
Write No. 361 in Box on Inquiry Card 


Explosion-Proof Housings 


Cast from aluminum alloy, explosion 
proof housings were tested at pressures 
up to 275,000 pounds force exerted 
against the cover. They are particularly 
suitable for use with control panels be- 
cause of their light weight. Explosion- 
proof design information, together with 
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complete listings of housings are in- 
cluded in a 16 page bulletin. Adalet 
Mfg. Co., Cleveland, Ohio. 


Write No. 362 in Box on Inquiry Card 
Liquid Level Controls 


Information on floatless, electrode-type 
liquid level controls includes an expla- 
nation of the principles of operation, 
details of the 2-and 3-Pole controls and 
enclosures, multiple pump controls and 
special control panels. C. F. Warrick 
Co., Berkley, Mich. 
Write No. 363 in Box on Inquiry Card 


Combustion Tube Furnaces 


Capable of operating at temperatures 
of 2200°F, combustion tube furnaces 
have vestibules on each end of the 
heating chamber to reduce heat losses 
and effectively extend the length of the 
uniform hot zone. Heating units can be 
arranged for multiple zone temperature 
control to provide optimum tempera- 
ture uniformity over an extended 
length. Hevi-Duty Electric Co., Mil- 
waukee, Wisc. 
Write No. 364 in Box on Inquiry Card 


21 Mercury Switches 


Specs on 21 special-purpose mercury 
switches are given along with a variety 
of terminals and mounting clips. In- 
cludes a chart showing approximate 
locked rotor current ratings for electric 
motors. Gardos Corp., Bloomfield, N.J. 


Write No, 365 in Box on Inquiry Card 
Microwave Components 


26 pages provide complete product in- 
formation on microwave switches, pow- 
er dividers, directional couplers and 
other components plus antennas and 
antenna systems. Also included is a 
special data section devoted to a series 
of practical charts and graphs to aid 
the microwave engineer. Transco Prod- 
ucts Inc., L. A., Calif. 
Write No. 348 in Box on Inquiry Card 


Germanium Transistors 


Availability catalog covers virtually 
every known germanium transistor type 









for applications in computers, aire 
missiles, military, marine and ge : 
industry. The 412 types meet EJ, 
specs and Mil-T-19500A. El] 
Transistors Corp., North Bergen, Nj 
Write No. 349 in Box on Inquiry Card 

















Semiconductors 








Major specs such as breakdown yok. 
ages, current capacity and operat 

temperature range are covered on fi 
lines of semiconductors including gg. 
manium industrial power transi 
audio and switching transistors, mey 
transistors, silicon rectifiers and siliog 
zener diodes. Also contained is inform 
tion on a reliability program in whid 





industrial semiconductors are subjectel is of 
to electrical, mechanical, environment] § the low sp 
and life tests identical of those requir mum torq 
for Mil specs. Motorola Inc., Phoenig§ curate alig 
Ariz. and doubl. 
Write No. 347 in Box on Inquiry Card available 
from 10 to 
Custom-Built Elastomers is easily ck 
tions by m 
“Achieving Better Designs with Gu ® ryns on b 
tom-Built Elastomers” describes th® jronze sle 
origin and composition of natural mb fifetime lu 
ber and nine synthetic elastomers al§ Motor Co., 
lists their physical and chemical prop Write N 
erties, processing properties and env 
ronmental resistance characteristic} ¢onstant- 
Lord Mfg. Co., Erie, Penna. 

Write No. 354 in Box on Inquiry Card The long, 1 
stant-torque 
opens up | 

for es 

} instrument 

'— members, t 

fa ® ing a cor 
through 50 


readers |i: 





who want more § fine Prese: 

information =f sce, dial 
Two spanking new in- and is prom 
quiry cards have been © count 


bound into the back of & vide, 
this magazine. All of your § with return 
circled inquiries will be — “ents. Bowm 















processed with lightning © Wayne Ind 
dispatch i Wie te 
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Gear Motors 


Gear motor’s gear train employs the 

worm cut directly on the motor 
shaft for high efficiency. Shaft worm 
and secondary worm are case hardened 
for maximum life. The high speed first 

is of fibre for minimum noise and 
the low speed gear is bronze for maxi- 
mum torque. Both have hubs for ac- 
curate alignment. Ten standard single 
and double worm reduction models are 
available with shaft outputs ranging 
from 10 to 750 rpm. The shaft position 
is easily changed to six 30 degree posi- 
tions by means of 6 screws. Motor shaft 
runs on ball bearings, gear shafts on 
bronze sleeves bearings. All gears are 
lifetime lubricated and sealed. Carter 
Motor Co., Chicago, Ill. 

Write No. 160 in Box on Inquiry Card 


Constant-Torque Tube Motor 


The long, narrow tube shape of a con- 


stant-torque mechanical spring motor: 


opens up many new applications, for 
example internal mounting in drums, 
{ instrument chart drives, long slender 
i= members, tubes, and the like. Develop- 
® ing a constant torque of 6 I|b-in. 
through 50 revolutions of the output 
pulley at all positions of cable exten- 
sion, the motor itself would fit within 
42 in. diameter cylindrical cavity of 
8 in. length. A smaller model of the 
motor, which develops a_ constant 
torque of 8 oz-in. through 50 revolu- 
‘|§ tions, would fit in a % in. diameter 
 tavity of 3% in. length. Hunter Spring 
row! (., Div. of American Machine & 
| Metals, Inc., Lansdale, Pa. 
Write No. 180 in Box on Inquiry Card 


} Hh Gepsed Time indicator 
‘ Easily and instantly read at distances 


up to six feet, a miniature elapsed time 
indicator presents three digits at a 


® Yack counter drum. The indicator pro- 





k of q ‘Wides readings from 000 to 999 hours 

a : -With return to 000, in one-hour increm- 

nial @ 8. Bowmar Instrument Corp., Fort 
, Ind. 







iq Write No. 338 in Box on Inquiry Card 
‘MAY 1960 


coed | New Electromechanical Components 
wt | for Electromechanical Systems 


time. Presentation is on a single read- 
‘# 48 line in place of the concentric 
1 = fitcle, dial type. Each of the three 
~~ | White numerals is 1 of an inch high 
eau ind is prominently displayed on a dull 


Overtemperature Protector 


Said to be the smallest overtemperature 
protector, a device called Klixon 5891 
was designed specifically for sub-frac- 
tional horsepower motors one inch in 
diameter and larger, but is equally suit- 
able for small solenoids and trans- 
formers. Responsive to both current 
and temperature, the protector is de- 
signed with a compensating heating 
element to ensure that the snap-acting, 
disc-type sensing element will follow 
closely the temperature changes of the 
component to be controlled. Tempera- 
ture levels of protection are 150, 175 
and 200 degrees C. Maximum contact 
capacity is 5 amps at 27 volts d-c or 
120 volts a-c. Units conform to MIL- 
M-7969 and MIL-M-8609, and when 
mounted in equipment they comply 
with MIL-E-5272. Texas Instruments, 
Inc., Metals and Controls Div., Attle- 
boro, Mass. 


Write No. 318 in Box on Inquiry Card 


Span-Adjustable Recorder 


Null-balancing type recorder employs a 
line driven synchronous converter and 
amplifier to control a two-phase motor 
which rebalances the measuring circuit. 
Millivolt input, either direct or from 
a transducer, converts into a visual in- 
dication and a permanent chart record. 
Span adjustment in millivolts is indi- 
cated on a calibrated dial. The recorder 
covers spans between 1 and 250 mv, 
placing the lowest nominal span at 5 
mv (1-10). and the highest nominal 
span at 125 mv (25-250). Zero adjust- 
ment is marked in arbitrary units from 
0-1000 and any span selected may be 
shifted (without change) over a maxi- 
mum of +50 mv. Weston Instruments 
Div., Daystrom, Inc., Newark, N.J. 
Write No. 344 in Box on Inquiry Card 


Cooling Fan 


Adaptable to airborne electronic chas- 
sis or compartment cooling wherever 
constant airflow is desired despite 
changing inlet pressures, a fan and 
flow control unit provides 2000 hours 
of controlled air volume from sea level 
to 30,000 feet. Task Corp., Anaheim, 
Cal. 


Write No. 174 in Box on Inquiry Card 
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magnetic reluctance 
PRESSURE 
TRANSDUCER 


Ranges: 1 to 1,000 psi — Gage, Differ- 
ential or Absolute. 


Pressure Media: Corrosive liquids and 
gases, both sides. 


Insensitive to Shock and Vibration — 
Not oil filled. 


Withstands Extreme Overpressure. 


PACE's P21 Transducer (only 1 3/32” 
square) is miniaturized for missile, rock- 
et and aircraft flight installations. 
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DO 
YOU 


KNOW 
WHAT 


THE 
RUSSIANS 
ARE DOING 
IN YOUR 
ENGINEERING 
SPECIALTY ? 


You can find out by 
sending us a check 

for $1.00. We'll 

send you our catalog 
Available Translations 


with about 600 titles. 


Morris D. Friedman 

Foreign Technical Translations 
1383A Washington Street 
West Newton 65, Mass. 
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SIZE 8 SYNCHRO 
(ACTUAL SIZE) 
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ELECTROMECHANICAL 
COMPONENTS 





| Sub-Miniature Limit Switch 


Designed for use in applications re- 
quiring a fixed or fractional number of 
revolutions of rotating shafts, such as 
servomechanisms, a limit switch pro- 
vides mechanical stop protection as 
well as electrical actuation at each end 
of the preset limit. Two micro switches 
are mounted at each end of slide bar, 
facing one another. Pre-setting of slide 
bar and positioning of switches results 
in one switch being normally closed, 
the other normally open. When a pin- 
ion reaches the stop collar, further shaft 
rotation deflects slide bar to actuate 
both switches on that end. Use of 21 
and 22 tooth pinions allows approxi- 
mately 1° adjustments throughout the 
range of 32 turns or 11,520°. Arch In- 
strument Co., North Quincy, Mass. 
Write No. 161 in Box on Inquiry Card 














Repeat Cycle Timers 


Guaranteed to operate continuously 
for a minimum of one year, the long 
life and quiet operation of a repeat 
eyele timer are achieved by mount- 
ing special spring switches in molded 
contact blocks, while cams, cam fol- 
lowers and gear assemblies are mold- 
ed nylon. Two printed circuit cables 
are used to wire 12 output circuits. 
Parallel cam shafts provide two cy- 
cling speeds. Units are available with 
voltage, cycle time and programming 
adapted to the application. Simple 
motor mountings, using only three 
screws, permit fast motor replace- 
ment. A. W. Haydon Co., Waterbury, 
Conn. 
Write No. 163 in Box on Inquiry Card 


Low-Cost Transistorized Readout 


Said to be the lowest power visual 
readout available, the Trixie (Transis- 
tor driver plus Nixie indicator tube) 
comprises ten medium-voltage NPN 
transistors in a common emitter config- 
uration with each transistor driving one 
of the Nixie indicator tubes ten cath- 


odes. A unique circuit design takes 
advantage of low cost NPN type tray 
sistors operating in a breakdown ogy 
dition, where the current is limited 
the indicator tube, - resulting in 


ligible current being drawn by the ning 


“off” cathodes and preventing damage 
to the transistor junction. Readoy 
modules can be triggered by signals ay 
low as 3 volts, requiring currents of 
only 300 microamperes. B : 
Corp., Electronic Tube Div., Plainfield 
N.J. 

Pia: No. 420 in Box on Inquiry Card 


Temperature and Pressure Readout 


Capable of reading out combinations é 


temperature and pressure, a digital 
readout system operates from resistangg 
temperature bulbs in the zero degree 
to 1400 degree F range and from me 
sistance pressure transducers ranging 
from zero to 10,000 psi. Accuracy jg 
% to 2 percent absolute (depending up 
on range and transducers). Use of cop. 
per wiring to transducers instead of 
more expensive thermocouple wiring 
reduces cost significantly. Information 
is encoded for telemetering allowing 
remote interrogation. Temperature and 
pressure may be monitored from a 


many as 99 different points. Texas In § 


struments, Inc., Instrumentation Prod. 
uct Group, Houston, Tex. 


Write No. 319 in Box on Inquiry Card 











Timing Relay 


Designed for reverse-power, three | fe 
phase applications, a directionally § 


controlled timing relay is rated 120 


volts line-to-line, 5 amps. Main com” ; 
tacts can close 30 amps at 250 volts @/B! 
de and carry this current for sufft > 


cient time to trip a cireuit breaker” 
Features include high sensitivity 

0.02 amp., 120 volts at maximum) 
torque, adjustable timing range from 
2.0 to 40 seconds, small-size Flex 
test case, and low burden. The relay 
is completely self-contained. Westing 


house Electric Corp., Pittsburgh, Ps 


Write No. 166 in Box on Inquiry Card 
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Electronic Components 


ok ae 


pc Power Supply 
small for its high degree of 
-F regulation, only 10% x 74 x 6 in, a 
a dual-output d-c to d-c 
FE converter drives transistorized circuits 
“¥i missile checkout and launching 
ipment. Line static regulation is 
+ 0.1% for changes from 27.5 to 31.5v, 
line dynamic regulation is + 0.050v 
gital for input transients of 70v d-c with a 
duration of 0.2 sec. Static load regu- 
# ition is + 0.4% for changes from no 
jad to full load and full load to no 
jad. Perkin Engrg. Corp., El] Segundo, 

Cal. 


Write No. 170 in Box on Inquiry Card 


Push Button Switches 


ion § Adaptable to many variations of switch- 
| § ing requirements, push botton switches 
‘Foontain nylon insert molded actuators 
for ease of operation and long life. 
Wide choices of contact arrangements 
provide flexible electrical control. Build- 
‘Fs can be mounted on one or both 
‘Hsides to insure minimum amount of op- 
| § mating pressure. General Control Co., 
| § Boston, Mass. 


Write No. 343 in Box on Inquiry Card 


|} Transistor Amplifier 


} Eloput and output impedance of a 1 x 
1x 1% amplifier is 200,000 and 1,000 
Poms respectively. Gain is unity and 
) S input and output are isolated. Internal 
Sigal limiting prevents overdrive or 
pluse shift for high input signals. Op- 
pp itites from —35 degrees C to 125 de- 
»yeees C and under MIL E 5272 en- 
|) gMnmentals. Control Technology Co., 
) pew York, N.Y. 
[= Write No. 341 in Box on Inquiry Card 


: 
Loading Reactor 


>9'e testing apparatus at various lag- 
926 power factors a_ self-contained 
mading reactor provides a convenient 
Mductive load which can be made ad- 
lable by using a variable transform- 
reactor consists of a gapped, 

bund silicon steel toroid core, 

round and imbedded in epoxy 
“mpound. Entire assembly is enclosed 
“compact phenolic case having two 

i inding posts for connections. 
Ye Superior Electric Co., Bristol, 


Write No. 207 in Box on Inquiry Card 


Electromechanical Systems 


Encapsulated Yoke 


Epoxy encapsulated, ferrite core de- 
flection yoke for %” neck dia., 70° 
cathode ray tubes is designed primarily 
for transistorized military and indus- 
trial TV raster and similar applications. 
The yoke has single ended coils of 
high inductance to resistance ratio. 
Flat face CRT pincushion distortion 
is corrected by 4 anti-pin-cushion, pre- 
adjusted and pre-aligned magnets 
without linearity deterioration. Wide 
impedance range is upward from 110 
microhenries. Syntronic Instruments, 
Inc., Addison, Illinois. 


Write No. 171 in Box on Inquiry Card 


Servo Amplifiers 


Use of semi-conductors in the low- 
power preamplifier stage achieves high 
gain with fast response for power am- 
plifiers. Rugged saturable core mag- 
netic amplifiers in the power stages 
provide reliable driving power for a-c 
servo motors. The amplifiers, called 
Trans-mag, operate from a-c or d-c in- 
puts for either 60 cps or 400 cps sys- 
tems and are designed for open or 
clsed loop servo systems. Units meet 
all pertinent mil. specs. Magnetic Am- 
plifiers, Inc., New York, N.Y. 


Write No. 317 in Box on Inquiry Card 


Single Turn Pot 


Precision, single turn wirewound po- 
tentiometer with a % inch o.d. is de- 
signed for panel trimmer contro] and 
servo applications in low and high 
torque models, with stops or in con- 
tinuous rotation. Having an all-metal 
construction, it meets MIL 5272A and 
applicable portions of JAN R-19 specs. 
New England Instrument Co., Wal- 
tham, Mass. 


Write No. 342 in Box on Inquiry Card 


Silicon-Carbide Rectifier 


Representing a major breakthrough in 
high temperature, radiation-resistant 
semiconductors, silicon-carbide _recti- 
fiers wtihstand temperatures of 500 de- 
grees and are said to be 100 times less 
subject to radiation damage than sili- 
con. Typical reverse currents are less 
than 100 at 50 volts, 400 degrees C. 
Transistron Electronic Corp., Wakefield, 
Mass. 


Write No. 335 in Box on Inquiry Card 


HIGH-SPEED ¢T 





from 
block 


Whether the job demands a servome- 
chanism designed to a system specifica- 
tion, or precision manufactured to your 
own drawings, Superior’s specialized ex- 
perience and proven capability can bring 
you important gains in system reliability 
— often with savings of 50% or more in 
design-through-production time. 


Superior’s staff and facilities are devoted 
exclusively to design and production of 
electromechanical servomechanisms — 
and backed by unmatched test engineer- 
ing and quality control. Packaged servo 
systems by Superior are today meeting 
critical performance requirements in 
missile tracking, fire control, flight simu- 
lators, weather radar, many other de- 
fense and industrial systems. 


Why not put this experience to work on 
your servomechanism requirements to- 
day? Write on letterhead for Servome- 
chanism Handbook...or send your 
specification for prompt quotation. 


Packaged Servo Systems 


@ DESIGNED FROM AN OVER- 
ALL SPECIFICATION 


®MANUFACTURED FROM 
YOUR DRAWINGS 


SUPERIOR 


CIRCLE NO. 94 ON INQUIRY CARD 
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TRANSISTORIZED AC TO DC 
ELASCO MINISQURCE® 

POWER SUPPLIES 
FIXED AND SEMI-VARIABLE 





TRANSISTORIZED 
Higher current capabilities in a smaller 
lighter package . . . greatly improved effi- 
ciences and reliability . . . less heat per watt 
input . . . no filament power losses . . . re- 
duced transformer and rectifier losses . . . 
no warmup time . . . longer life. 
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COMPLETE SERVICEABILITY 4 
All components —— for roy re = FIXED MINISOURCE SEMI-VARIABLE MINISOURCE A tiny disc the 
replacement . . . potting has been eliminat 
and a printed circuit board incorporated for MODEL VOLTAGE CURRENT CASE SIZE MODEL VOLTAGE CURRENT CASE SUE i. 
compact packaging. M4.5-50 4.5v. 50 ma B V4-50 3-6v. 50 ma * es ot sel 
M4.5-100 4.5v. 100 ma B V4-100 3-6v. 100 ma B 
es 45-250 45v. —_250ma 8 v4-250 36v. _250ma_——« gummoamice mat 
iccomplished by mounting the power tran - <i versus te 
sistor on the geometric ange g pod black M4.5-500 4.5v. 500 ma B V4-500 3-6v. 500 ma B ane : Vi 
anodized aluminum housing, w comes . "a ctory 
an efficient black body radiating heat sink — *, ee ° Le coe at : 

. Better heat transfer assures more accu- M6-100 6v. 100 ma A V8-100 5-10v. 100 ma A Pew Jerse 
rate, stable and long-life performance of all M6-250 6y. 250 ma A V8-250 5-10v. 250 ma B Write No. 17 
components. : 6-500 6y. 500 ma B v8-500 5-10v. 500 ma a ; 
FULL PROTECTION M12-50 12v. 50 ma A V12-500 10-15v. 500 ma B 
Fusing in the collector of the power transis- M12-100 12v. 100 ma A V15-500 10-20v. 500 ma A 
ey Oe eee ee eens M12.250 12v 250 ma B V15-100 10-20 100 ma a i Por 
regulation. ; f 
All standard, Minisource® power supplies are m112:500 lev. 300 ma B epeEse mse, ame ' size 

} eiiebamanienaton ‘all { 
furnished with an octal glass to metal header M22-50 22v. 50 ma A V18-500 15-20v. 500 ma 8 is a 
(other terminations available upon yeoman) M22-100 22V. 100 ma B V22-500 20-25v. 500 ma 8s i § 
and packaged in a black anodized aluminum a 
transformer case. There is no extra charge M22-250 22v. 250 ma B V25-50 20-30v. 50 ma os pate equ 
for 400 cycles. M22-500 22v. 500 ma B V25-100 __20-30v. 100ma iB nthe ah is tr 
M25-50 25v. 50 ma B 25-250 20-30v. 250 ma B 4 . itm 
SPECIFICATIONS M25-100 25v. 100 ma B ¥28-500__-25-30v. 500 ma 8 45" high b 
VOLTAGE REGULATED — M25-250 25v. 250 ma B V32-250 30-35v. 250 ma 8 -Piding up to 4 
FIXED OR SEMI-VARIABLE * OUTPUT M25-500 25v. _ 500ma 8 V35-50 30-40v. 50 ma 8_ Bum of 80 vol 
M28-50 28v. 50 ma B V35-100 30-40v. 100 ma BO 1g : 
Input Frequency: 60 cps or 400 c against 
input Voltage: 105-125 VAC M28-100. 28. ~+'100ma’—~=S=~=~* V38250 35-40v. —250ma_—— Bad variations 
Output Current: 50 to 500 ma IS : v225) _ 025m Dniput, 
ons iad Better than 0.5% M28-500 28v. 500 ma B V45-50 40-50v. 50 ma 3 ‘ Va voltmeter 
Ripple: Less than 0.25% _ oe M30-50 30v. 50 ma B V45-100 40-50v. 100 ma 8 a 
ass May be used Floating, Positive, or M30-100 30v 100 ma a V48-25 45-50v 25 ma Ca d from ir 
egative mans face <n Pe - r 
°Screw driver adjustment on top of semi- M30-250 30v. 250 ma B V65-50 60-70v. 50.ma p | pund. Matt 
variable units. M30-400 30v. 400 ma B V65-100 60-70v. 100 ma Ec os N. Y. 
M50-50 50v. 50 ma B V75-50 70-80v. 50 ma B Write No. 167 
M50-100 50v. 100 ma & v75-100 70-80v. 100ma_— BT 
M50-250 50v. 250 ma C 
M100-100____—:100v. 100 ma c ELASCO can package power supplies in@m@ to DC Co 
M150-100 150v. 100 ma c way the customer may desire (within reas — 
M200-100 200v. ~ 100ma C 





and to comply with military requirements. “@iiliature trar 


t supplies 





















































‘ ge at low cr 
aos jf SLA SCO inc Me 
Sa Sts of p 
oe tie Ame I nee FIVE PRESCOTT STREET, ROXBURY 19, MASSACHUS at efficiency. 










Telephone: Highlands 2-160 ’ fi ines fron 





iF THE SUPPLY YOU REQUIRE IS NOT LISTED ABOVE, ELASCO WILL BE HAPPY TO BUILD A MINISOURCE® TO YOUR SPECIFICATION: 


elaseg clasco elasto clasco elaseo elasco elasco elasco el 
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4 for driving high speed motors 
100,000 rpm type to furnish 
modulation signals to amplifier cir- 
‘power oscillators are hermetical- 
sled and meet the requirements 
1-5272B. Harmonic distortion 
than 8% and the transistorized 

wit starts immediately under full 
d Input is SKC + 5% at + 15 volts 


7 VA). Metrolog Corp., Los Angeles, 
ie 


g 


fecclelsitoicclla 


——$—$—$—<— 


e 


B 

8 
8 i 
A 7 
B ei 
ee 
B 

8 
B qi 
B 

83 
Cm 
ee 
RB 
Ca 
8 
8a 


‘te No, 401 in Box on Inquiry Card 


Thermistor 
tiny disc thermistor about the size of 
is now available for the first 
as a stock item. The unit has its 
ance matched to a nominal resist- 
me yersus temperature curve within 
2%, Victory Engineering Corp., Un- 
i, New Jersey. 
Write No. 179 in Box on Inquiry Card 


ied Power Supply 


lam size, a constant-current-regu- 


“Bited power supply for powering of 


] 


‘state equipment on the bench or 


> Bathe rack is transistor and zener diode 


epilated. It measures only 4.75” wide 
y 45” high by. 6.25” deep while pro- 
iding up to 400 milliamps at a maxi- 

of 80 volts. Regulation is better 


Win 1% against line and no load to full 


i variations and ripple is less than 5 
Output, continuously monitored 


“®) a voltmeter and milliameter, is iso- 


o 


i from input line and _ chassis 
4 Matthew Laboratories, New 
. 4 


— Write No. 167 in Box on Inquiry Card 


§ 


lies in a 


rin 


\ a 


¢to DC Converter 


re transistorized d-c to d-c 


“Pre supplies provide a range of vol- 


at low current levels. A ringing 
ype converter, using a single 
nium transistor, produces up to 


FP watts of power and up to 80 per- 
y Ft elliciency. Adjustable by external 


8, Output voltages of unregulated 
range from 350 to 2100 volts d-c, 
“ad currents of up to 250 micro- 
Bs. With exception of externally re- 
“ble transistors, units are com- 
y encapsulated. Maximum ripple 
ercent rms. American Research 
Macturing Corp., Rockville, Md. 


Hite No, 340 in Box on Inquiry Card 





a GO OD one is important! 


@ Relays are often. referred to as the heart of an 
electronic control circuit. A good one is essential to 
efficient performance and longer life. For years 
Comar has aided manufacturers suffering from relay trouble. 
Our relay technicians 
will show you how to 
put more vim and vigor 
in your relay circuits. 


Send the symptoms... 





— 
we'll recommend the 





cure...no obligation. 











comar electric 


3349 ADDISON STREET, CHICAGO 18, ILLINOIS 
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NEW $49.9 KIT 


MO 


VES YOU FROM 


SCHEMATIC TO CIRCUIT 
FAST & RELIABLY! 





Here’s an all-in-one tool for 











runs tha 
organize 
terminals, 


amnake up 
and 





ALL 
these 
operations 


sockets, 


prototype and small production 


holes in Alden XXP phenolic cards or any 1/16” co 
sockets. 


t maatnod it simple to = 

and mount circuitry in compact, Sma It quickly swages Ald 
eyelets, brackets and tube sockets, and punches "101 Fomine 

8 gens card, You can 


circuitry turrets in minutes — complete with terminals, brackets 

























RESISTOR BOARDS TURRETS VERTICAL PLANE CIRCUITS PLUG-IN UNITS 


SAVE $10 on kit over individual part prices. Contains Alden Universal —_ 


and assortment of prepunched terminal cards 


terminals, ¢ 


brackets and eyelets to get started 5 sant 
$49. 8° complete. ve o € ieiedinoshe: | Order Kit raed 


ALDEN PRODUCTS COMPANY, 5138 North Main St., Brockton, Mass. 
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Small, Lightweight 


PRESSURE 
CONTROL 


se 


wa sr 
Bg ae 


| M 
cra 
e 


Operating ranges 
1-20 or 1-30 PSIG. 








TYPE AP-153 (STANDARD) PROVIDES SINGLE POLE 
CUT-IN, HIGH, SINGLE POLE CUT-IN LOW OR SINGLE POLE 
DOUBLE THROW OPERATION 


GENERAL PURPOSE (NEMA 1): For indoor use or other general appli- 
cations. Pressure element—Fairprene diaphragm. Pressure connection 
1/4” 1.P.S. Visible calibrated dial with pointer. External adjustment. 
Mounting—has two mounting ears (one on each side of control) or con- 
trol may be pipe mounted by means of the 1/4” bottom connection. 
Wiring entrance—two 1/2” openings. Internal wiring connections. Her- 
metically sealed mercury switch with silicone rubber covered leads. 


WRITE FOR BULLETIN O02 


THE MERCOID CORPORATION 
4201 Chicago 41, Ill. 
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Belmont Ave., 








































































Miniature Infrared of 
Photoelectric Scanner perature rr: 
Available ; 
With energy source and deteigs yersion, th 
combined in a single unit only24’— and MIL 
long by 1%” in diameter, a news forms to 
frared photoelectric scanner, ard Bell C. 
proximity sensor, responds to Cal 
tallic and non-metallic objects af : 
provides simple and easily instakg = Write N 
means for handling a wide variey 
of counting and control operat 
The unit will sense objects or Crystal Ov 
trol-areas at distances up to 
inches. Rated at 60,000 hours lk— pp igned f 
when operated at five volts a-c, it tl ona 
solid-state detector is sturdy, @— _ ts wit] 
sitive, and sealed for pre wit 
against moisture, dust, or co units 
atmospheres. An infrared fileg pectancy 
minimizes effects of ambient ligif ture deviat 
Farmer Electric Products Co., ln§ able in a : 
Newton Lower Falls, Mass. shock anc 
Write No. 231 in Box on Inquiry Con Voltage ral 
ac or d-c 
+50°C to 
operating r. 
Ceramic Tubes Warm-up 
Without the use of blowers of _ Pending uy 
“stone Elec 





cooling systems, ceramic 
tubes operate at high temperatun 





Write Ne 


particular importance is the faci” 
ceramic receiving tubes are relalie” 
immune to high level pulses of mia 
radiation. General Electric, Ov DC Amplifi 
boro, Kentucky. 
Write No. 209 in Box on Inquiry Cad Mitts 5° F 
temperature 
de amplific 
Silicon Tunnel Diodes 0 my, an 


_ Permissable 










Operating temperature range of sif ; 












tunnel diodes is —-85 degree C 07. wet, 
degree C. Typical negative te rn 
is 220 down to 39 ohms. Peak ¥ 115 to 2000 







is 65 mv and valley voltage is # 
at peak currents ranging from I 
5.6 -milliamps. Minimum peak-to¥ 
ratio is 3.5:1. Hoffman Eleaiiyy 
Corp., Los Angeles, Cal. mi 

Write No. 208 in Box on Inquiry Co 





the 
fT IL-E.5979 


ectrol) na 
Write No. 
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: # State Power Supply 


) Operating from an input of 95 to 135 

"volts a-c, a transistorized power supply 

a continuously variable out- 

t voltage of 0-50 volts d-c and an 

gutput current of 0 to % amp. After 

initial stabilization period of 15 

ge, the output voltage does not 

" change more than 0.07 volt about the 

setting. (Change due to in- 

mal temperature rise.) Highest ripple 

'4 mv rms is at max. voltage, full 

ud. Autotronics, Inc., Florissant, Mo. 
Write No. 177 in Box on Inquiry Card 


, -Digital Converter 


the size and weight of pre- 

“yous converters, an airborne analog- 

_ todigital converter performs a 12-bit 
gonversion to an accuracy of +1 milli- 
yolt in 65 microseconds over the tem- 

: ose range of —55° C to +70° C. 

: le also for 3 decimal digit con- 

= version, the unit meets MIL-E-5400B 
and MIL-E-005272. Packaging con- 
‘forms to MIL-T-19600(AER). Pack- 
Bell Computer Corp., Los Angeles, 


Write No. 175 in Box on Inquiry Card 


| , Crystal Ovens 
IE Designed for maximum flexibility, crys- 


til ovens can adapt to custom require- 
ts without complex modifications. 

= The units combine a maximum life 
| @pectancy with minimum _tempera- 
| tire deviation or shift and are avail- 
| able in a ruggedized version for high 
shock and vibration requirements. 
Voltage range is 6.3 volts to 117 volts 
| #¢ or d-c and temperature setting is 
+50°C to +125°C with an ambient 
operating range of —65°C to +120°C. 
Warm-up is as low as 2 minutes de- 

| pending upon available power. Key- 
)stone Electronics Co., Newark, New 


| Write No. 173 in Box on Inquiry Card 
es of mile 

tric, Oval DC Amplifier 
Corl “Minus 5° F to 212° F is the operating 
‘| ‘mperature range for a transistorized 
te amplifier. Signals as low as 0 to 
10 my, and as high as 250 mv are 
)Pemissable and under conditions of 
Maximum gain, an input of +10 mv 
Mil produce an output of +5 volts. 
ait withstands vibration of 20g from 
ga ~2 '0 2000 cps, shock of 200g, accel- 
mm tion of 200g (each axis), and 
Meets the humidity requirements of 
ML-E-5272B Procedure III. United 
“ctroDynamics, Inc., Pasadena, Cal. 


quiry 





MEDIUM 
PRICED 
LIGHT 
WEIGHT 


CARBON FILM RESISTORS 


EPOXY 
SEAL 














SILVER 





TERMINATION 


EPOXY 
SLEEVE 


CARBON 
FILM 


GOLD-PLATED 
CAP 





BUTT-WELDED 








LEAD 


NEW DESIGN 


This new design enables Mepco to 
offer a moderate cost, dependable, 
lightweight carbon film resistor 
that has new features to meet the 
environments required by Military 
Specification MIL-R-10509C Char- 
acteristic B. 


FEATURES 


Moisture which might be absorbed 
during extended storage periods 
under high humidity conditions, 
cannot be transmitted to the carbon 
film due to the dry air space be- 
tween the epoxy tube and the re- 
sistive element. 


PHYSICAL AND ELECTRICAL CHARACTERISTICS 


EP SERIES 


Max. 
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MEASURING 


°¢ Actual life span of 
your equipment? 


* Consumption of rated 
life of critical equip- 
ment or components? 


* Mean-time-to failure? 


You can reduce the odds against failure 
by constant monitoring and timely replace- 
ment of equipment approaching the end of 
assured ager-o eaggl ... by thoughtful 
application of the . 


WALTHAM 


SUB-MINIATURE 
ELAPSED TIME INDICATOR 


WT-1 
Actual 
Size 


Vs" O.D.x 1'5Ac” 3 OZ. 


10,000 Hour Total Readout 
(Easily Read to Closest Hour) 
400 CPS 


Whether it’s for reliability and life testing, 
design or system analysis, utilization studies 
. « » Of to continuously monitor and log 
critical equipment or components . 

you incorporate the Waltham WT-1 in your 

plans, you add that “measure of reliability” 
so oadast for military acceptance. 


The WT-1 meets MIL-E-5272A 
and is available “FROM STOCK” 
Write Now for Bulletin 5001! 


WALTHAM 
VU" 


PRECISION INSTRUMENT 
COMPANY 
Waltham 54, Massachusetts 
CIRCLE NO. 99 ON INQUIRY CARD 
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For Your 3-Ring Binder 


NEW DATA SHEETS 


For your free copy of the data sheets listed on this page, 
enter the appropriate number of the item on the Inquiry Card. 





Range Time Decoder 228 


Bulletin describes the operation of a range 
time decoder, a search and control device for 
automatic utilization of e time signals. 
When a range time pulse received, the 
sequential counter generates an output pulse 
summed with binary “one” detectors. Provi- 
sion is made for storing coincidence. Sequen- 
tial counter and memory circuits are reset 
during frame identification. When preselected 
aon are present, a signal is —— d 
rame identification and a agg =" secon 
menary circuit. Arnoux Los Angeles, 


Plastic Knobs 230 


ogee ae of 49 stock d to paren | 
1 knobs, oval and tapered obs, ta 

oo any push-pull and lid knobs, knurl 

fluted handwheels and knobs, thumb screws 

terminal _ Lene alg and sien tee 

special materials are also covered 

= = aveee catalog. Dimco-Gray Co., Day- 

n, 0. 


Metal Housings 236 


Comprehensive catalog on a line of military 
cases, portable cases, transit cases and hous- 
~— contains reproducible, sample vellums 
detailing stan constructions for combina- 
tion, transit, storage and 19 inch rack equip- 
ent cases. MM ieleoures, Inc., Hic’ ie, 


Control Valves 233 


Valves for fluid flow and condition ~y 
are covered in an 8-page booklet. Design 
tails such as function, ap —. — method 
of actuation are covered. Complete specs are 
iven for various types" of waives including 
ne ag gle relief, check, poe gt shutoff, Ea 


uence and special a © 
Aircraft P Products, Inc., Dayton, 


Size 18 Servomotors 232 


Complete with typical unit characteristics, 
dimensionals and torque-speed curves, a 16- 
page catalog ineiades 7 size 18 servomotors and 
servomotor-rate generators for 115-volt, 60- 
vee or 400-cycle operation as well as an 

ertia-damp unit for 115-volt, 400-cycle oper- 
ation. As a further reference, a specification 
check list is included for use if other than 
standard units are ee kman Instru- 
ments, Helipot Division, Fullerton, Cal. 


Electronic Voltmeters 247 


Panel-mounting electronic voltmeters designed 
for continuous monitoring of critical parame- 
ters in systems and consoles are described in 
a folder of data sheets. The reasons for the 
jevelopment of the a are given along 
with a tabulation of nn pal specs. Metronix, 
Inc., Chesterland, 


Miniature Relay 243 


To keep agp with the needs of ae Se en- 
vironments and the demand for further mini 
aturization, a relay, described in a data sheet, 
conforms to all uirements of MIL-R-25018 
Type Il, Class B, Grade 3, Ae BE a | 
the volume of conventional designs 
weighs less than 0.15 pounds. Fm me 
was made possible by a new t that com- 
bines ge wes action with an unusual adapta- 
= of the bar os principle. Cook Electric Co., 
ois. 


Vacuum Gauges 


Use of short, firmly connected thermg } 
and the absence of a suspended weld wo “4 
external heater enables a vacuum gauge 4. 
withstand great shock and vibration, he 
highly sensitive gauges are com } 
saubient tes temperature and variations 
perature. Bulletin gives principle of o 

and complete specs. Ha ipl of one 
Hampton, Va. 


Pressure Transducer 


Primarily designed for airborne applicatis 
where precise pressure measurements of 
percent accuracy are required over a 
temperature range, a —— transducer 
measuring element is a one-piece Ni-§ 
proving ring to which are bonded 4 
sion strain gauges forming a Wh 
Bridge. When the transducer is subjec 
zero gravity conditions 
where convection cool 
ring acts as a heat si 
from the resistance Ratan to th 
case. Full specs are given in data sheet. T 
amass Corp., orth Tonawanda, 
ork 


Protective Relays 


Six-page catalog describing protective 

include a general design discussion on 

features as induction movements, the 
of hinged armature movements avi 


‘able, and Ro gna | indicators. 


are test lugs which allow for the 
tes oO y circuits without the 
of or Y commections on the i 


Pacific Electric Co., Newark, N 


Pulse Generators 


One pulse generator model provides two re i 
ultaneous pulses similar to flip-flo op i rn i 
puts but at high power levels an nde 
pendent attenuation while the other meg 
gives single pulse, pulse pair, or j 
modes of anlar Fone cig p 
time measurement emevering, & j : 
sile idance coding, code word, i 
etc. Bulletin gives complete specs. 

Pulse, Inc., Culver City, Cal. 


Solid Lubricant 


A small sample tube accom 
bulletin descr ang Molykote Gs 8 
consistency lubricant that 
seizing and metal pickup in high t 
Guerre applications. Instruct 
he 4 the Tubyi cant are presented. The A 
ote Corp., Stamford, Conn. 


Miniature Bearings 


i bearings have been specif 
ed to replace precision ball bearir i 
fae variety of applications where 
— do eo ustify — # A. 

ut here precision trument st 

ards of tolerances, life and low friction! 
be maintained. Selection guide ine 
rmining al 


Corp., Island Pk., N.Y. 


Stainless Steel 


Revised data chart provides analyses SI 
tions for 58 different 
ae Aaah nae 
als inclu e ely 
itation hardening grades 17-4, "It 
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sows Seo 
2s 


— 
-! 


gett 


sory 


» Se SS ; 


a ee 


rest corresponding SAE and AMS designa- 
are cross-indexed with AISI grades 


4 convenience. Peter A. Frasse & 


ag New York, N.Y. 
BS 


Supplies 249 


describes chart papers, writing styli and 
for an models of company’s 
erring recording equipment. Sam- 


4 of chart papers are included and typ- 


cl «eg 


recording traces in the three basic 
sues—ink. electric or thermal dem- 
wate the uniformity, clarity and _repro- 
be expected. Brush Instru- 
of Clevite Corp., Cleveland, 


§ | orifices. 


re 


| be | 


thin bobbins and other special tech- 
jetailed in a bulletin, relay coils can 
oye B- + 
Ww 0 ce level. 
's red this “case history” will 
tically receive five more coil problem 
pries now be documented. Tur-Bo 
ducts Co., San Gabriel, Cal. 


/Reproducer 386 


gre describes two digital tape re- 

sproducer transport systems, one 

ing at speeds up to 30 ips and the 

, ) ips. A detailed description of 

fing characteristics and specifications 

h units are included. Consolidated 
rodynamics, Pasadena, California. 


Valves 326 


tion, 4-way dual solenoid valves, in- 
taneous in operation, use only 0 
pilot cores and four flexing dia- 

e ates spools or 

fitted parts, sliding glands, stuffing 
stroke settings and seat regrinding. 
closed center position, when both 
are deenergized, flow is blocked 
Valve locks the cylinder 
point of the stroke. Auto- 


at an 
Florham Park, 


Switch Company, 
Jersey. 


servomotors follow high-speed and/ 
th-gain input signals without oscilla- 
pomping is easily adjustable, and 
locked in at any desired setting. 
o0t Division of Beckman Instruments, 
Fullerton, Calif. 


And Stepping Motors 322 


at-page mepention guide on rotary so- 
selectors and stepping motors con- 
Specific physical, performance and 


ity-Damp Servomotor 





i: 


ionmental data on more than 250 dif- 


models. Only half the size of ordi- 


y get a highly efficient rotary sole- 


is to be capable of developing 
’ as much power. A versatile, high- 
bi-directional stepping motor de- 

at least three times greater torque 


in comparable devices can provide. G. H. 


Inc., Dayton, Ohio. 


Bearing 325 
inin the high-speed qualities of 


inated phenolic and the high strength 


‘organic glass ceramic 


min alloy, ‘“T’’ retainer ball bear- 

te in temperatures up to 300 de- 

for continuous operation, and for 

tt periods to 350 degrees F. Design per- 

mum speeds up to 110,000 rpm 

grease lubrication under moderate 

and moderate temperatures. Barden 
tion, Danbury, Connecticut. 


Components 330 


# manufacturer of precision servo com- 


Presents da on control and 
u a. and i eng adhy | size 
. -cycie un ° ernitron orp., 
York, New York. rc 


Circuit Grid Boards 331 


Srid boards made from Fotoceram, 
designers can 
reuit patterns on a grid, then etching 
care printed circuits in 15 min- 
. consists basically of laying 
copper with acid. 


XC Corning 
orks, Corning, New York. 





for this card 


If you’re a regular subscriber to 
ELECTROMECHANICAL DESIGN, 
your subscription has expired. 


You can renew—and receive 
another year’s free subscription— 
by filling out the Remington Rand 

card, and returning it to us 


promptly. 


Your renewal card has been mailed 
to you. If you have not received 
one, please let us know. If you 

are not receiving ELECTRO- 
MECHANICAL DESIGN and 
want a subscription, write on 
your company letterhead for 

this qualifying card. 


All subscribers—regardless of 
when your subscription started— 
must renew each year. You can 
insure receiving uninterrupted 
copies of ELECTROMECHANI- 
CAL DESIGN by requalifying 

as soon as you receive 

your card, 


Thanks for cooperating. 
| ALERTED SO mB 


Subscription Department 
ELECTROMECHANICAL DESIGN 
1357 Washington Street 

West Newton, Mass. 











PRECISION 
ANGULAR 
DIVIDER 


available from stock 






resolvers with 


less than 20 


A complete Technical 


Nae, Bulletin is available 


520 Victor Street * Saddle Brook, New Jersey 
Hubbard 7-3508 » TWX: HKK 952-U 
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USE 
BODINE 
K-2 Motors 


.. for instruments, timing devices 
control apparatus and 
similar applications 


e with or without speed reducers 
(spur or helical gearing) 
e synchronous or non-synchronous 


e available from your 
distributor's stock 


* only 2%” high 
e totally enclosed 


e 1/2000 to 1/500 
horsepower 


FREE 
Bulletin 
“S-2" 


=)@)B) i. i= 
fractional (@@8 borsepower 
MOTORS 


Bodine Electric Co., 2530 West Bradley Place, Chicago 18, lll. 
CIRCLE NO. 39 ON INQUIRY CARD 


covers Bodine K-2 Motors, and 
other stock motors. 











102 








ADVERTISERS’ INDEX 


ADVERTISERS 








AcE P.iastic Co. 

ADVANCED VacuuM Propucts, INc. 
(Indiana General Corp.) 

AERO RESEARCH INSTRUMENT Co., INC. 

Arr-MARINE Motors, INC. 

ALDEN Propucts Co. 

AMERICAN ELECTRONICS, INC. 


AMERICAN MEASUREMENT & CONTROL, INC. 


AMPERITE Co., INC. 

AMPHENOL-BorG ELECTRONICS CoRP. 
(Borg Equipment Div.) 

ARMSTRONG Propucts Co. 

Ascop 


ASSEMBLY Propuwcts, INC. 
Automatic ELEectric Co. 


BARDEN CORPORATION, THE 
BENTLEY-HARRIS MANUFACTURING Co. 
BopinE ELEctTric Co. 

BowMarR INSTRUMENT CORP. 

BristoL Mortors 


(Div. of Vocaline Co. of America, Inc.) 


CANNON ELEcTRIC Co. 

CARTER Moror Co. 

CLIFTON PRECISION PRopucTs Co., INc. 
Coivin LABORATORIES, INC. 

Comar ELeEctric Co. 

ConNECTICUT Harp RusBER Co. 
ConTROL Propucts, INc. 

CoTTRELL PAPER Co., INc. 


Daven Co., THE 
Dynamic Gear Co., INc. 


Epison, Tuomas A., INDUSTRIES 
(Instrument Div.) 
Exasco, Inc. 
ELectrro Propucts LABORATORIES 
ELECTRO SwiTCH CORPORATION 
ELECTRONIC MEASUREMENTS Co., INC. 
ELEcTRO-TEC CORPORATION 
E.LciIn NATIONAL WATCH 
(Advance Relays Division) 
Exuis & Watts Propuct, INc. 


FABER-CASTELL, A. W. PENctL Co. 
FAFNIR BEARING Co., THE 


Gorpos CoRPORATION 
GRAPHIC SYSTEMS 
Grits REPRODUCER CORPORATION 


HANDLEY, INc. 

Hanpy & HARMON Co. 

Hanscom, H. F., & Co., INc. 

Haypon Swircu, INc. 

Heinze Evectrric Co. 

HINCHMAN MANUFACTURING Co., INC. 


INDUCTION Motors OF CALIFORNIA 
INDUSTRIAL INSTRUMENTS, INC. 
INDUSTRIAL RESEARCH 


INSTRUMENT DEVELOPMENT LABORATORIES, INC. 


Kearrotr Div. 

(General Precision, Inc.) 
KearFrott Drv. 

(General Precision, Inc.) 


 rRRSREE Bs 


e223 


Ma 


80} 
4) 
(A Division of Electro-Mechanical Research, Ine.) \f 


SBSRsse. 










ee 

























— 
co 


— 







73, pe 





ELECTROMECHANICAL 


zie SIS 





ak 8S 


nS See 


rennnans 


2 Ee aUERR 












ADVERTISERS’ INDEX 





TL COPE 
(Div. of General Precision, Inc.) 
INDUSTRIES 


(Electronic Equipments Div.) 


ee 


NJE CoRPORATION 

NationAL PNEUMATIC Co., Inc. 
Navoten ENGINEERING Co. 

#i New EncLanD Mica Co. 

Bi Norma ATLANTIC INpDustrRiEs, INC. 
over 4] #i Norton Co. 





HOmo Carson Co., THE 


Pace ENGINEERING Co. 
Puastic Capacitors, INc. 


umm INstRUMENTs, INc. 
RavTHEON Co. 
F (Equipment Div.) 
@ieectone Evectronics, Inc. 
64, i Rocers CorrporATION 
'@ horo-Testr Lasornatorigs, INc. 
RUSSELL MANUFACTURING Co., THE 


Seca, Epwarp, Co. 

J Sinvo Systems Co., THE 
BSicuunp Conn CorPorATION 
ig sur Rivc Co. or AMERICA 

i CHESTER CORPORATION 
| oases Div.) 
iwest Propucts Co. 
S t BALLBEARING (Div. MPB) 
a R MANUFACTURING & INSTRUMENT Corp. 95 


ofl MANUFACTURING CorP. 
7 s| om 9 Etecrric Co., Inc. 
ETA INSTRUMENT 
son INDustRiES, INC. 
ik ELecrronics (Div. of CGS Laboratories) 


s{goax SwitcH 
a of The W. L. Maxson Corp.) 
D ACRAFT CORPORATION 
fen Div.—Milford Dept.) 
iteD AIRCRAFT CORPORATION 
_Worden Div.—Ketay Dept.) 
) Etectric Controxs Co. 
. ecincw ane 


ENGINEERING CORPORATION 


MTHAM PRECISION INSTRUMENT Co. 
ELOCK SIGNALS, INC. 


ELectric CorPORATION 


71, Met Co., Tue 






VHF-UHF 
ELECTRONIC 
TUNING 


with New 
Miniature 


INCREDUCTOR 


Controllable Inductor 


The 81AM1 INCREDUCTOR® Unit provides means of 
electronically tuning circuits in the 50mc—400 mc 
frequency region over a 2:1 tuning ratio. Through the 
use of newly developed materials and construction 
techniques, this component now enables the design 
engineer to obtain wider range and higher Qs than 
possible before. 


NI) 


The 81AM1 is expected to find greatest application 
in missile, telemetry, and general VHF-UHF low-power 
applications. Units are available on special order that 
will meet and/or exceed MIL-T-27-A specifications. 


MAGNETIC 
COMPONENTS 
DEPARTMENT 


TRAK 


ELECTRONICS CO. 


Division of 
CGS Laboratories, Inc. 


We invite you to 

write for CGS 
“INCREDUCTOR® 
Notes’’—28 pages of 
technical data, curves, 
schematics, and 
applications. 
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INSULATED UsIRE 


that will withstand 


Available in outside diam- 
eters of .025 to ..333 


One or more wires insulated 
from metallic sheath by a 
ceramic oxide. 


AerOPak can be bent and 
weldments performed with- 
out loss of insulation. 





Available in a variety of 
metal sheath materials, in- 
sulations and wires. 


Ask for new revised issue of 
Bulletin 4. 


INSTRUMENT wes INC 


DEPT. ED, 315 NORTH ABERDEEN «© CHICAGO 7, 
Sales Representatives throughout the United States cd Selnds 
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WHY WAIT FOR RELAYS? 
GET THE RELAYS YOU NEED 


IMMEDIATELY FROM 


YOUR LOCAL DISTRIBUTOR. 


ADVANCE RELAYS — 


ENGINEERED FOR TOMORROW: 


AVAILABLE TODAY. 


© TELEPHONE 

© HIGH VOLTAGE 
© ANTENNA 

© SENSITIVE 

© COAXIAL 

© DELAY 

© CONTACTORS 
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LATCHING 
MINIATURE 
MILITARY 
OVERLOAD 
POWER TRANSFER 
POWER CONTROL 
GENERAL PURPOSE 
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SMALL ( WIRE 


Write for list of Products. 


SIGMUND COHN wec co 


AAS AVENUE MOUNT 
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Leak Detection 


4-page brochure contains tables of » 
sion factors, formulae, performance gu. 
hints and other useful information » 
users of mass spectrometer-type ‘ 
tectors. Consolidated Electrog; 
Corp., Pasadena, Calif. 


Choppers 


Complete set of technical definition ui i 
specs on miniature and stan es 
ment choppers. Miniature units ones, i 0 
the temperature range of —55 degrees 

+125 degrees C and combine low 

noise with high reliability. James 

tronics, Inc., Chicago, Illinois, " 


Shock Testing 


Varipulse, a shock testing machine » { 
duces consistent, accurate duplicat 
specified shock conditions with a sj; 

of operation. It is designed for testing» 
cision electronic, mechanical, or ¢am 


mechanical components. Barry (Cons t 
Inc., Watertown, Massachusetts, *{ 
Rotary Solenoids * 


Basic information sheet on rotary gol 

illustrates torque, speed of stroke, type 

strokes, power take-off and sizes, j 

have high torque-to-size piston actioy 

remote mechanical actuation or conty 

sa type switches. Ledex, Inc., D 
0. 


a 


Flexible Couplings 


Four-page brochure on flexible ¢ 
contains lateral, axial, and torsio 
flection data. Coupling materials 
minum with beryllium copper 

provide a design with maximum f 
and zero backlash. Naugler Engi 
Inc., Beverly, Mass. ‘ 


Magnetostrictive Delay Lines | 


Extensive information on the theory) 
eration of fixed and variable 
strictive delay lines is available. 
fixed line characteristics, delay ; 
variable delay lines, justments, if 
ance, temperature and associated el 
Control Electronics Co., Hunti 
tion, L.I., N.Y. 


Integrating Gyros 


A group of miniature, floated rat 
grating gyros fall into two general 
fications, those used primarily i 
platforms and those employed prin 
in fire control and autopilots. Ca 
all of the ros detailed in a bo 
external adjustment features 
mit maximum ease in_ fabrica 
calibration. These include a m 
mass unbalance adjustment along 
input axes, a mechanical f 
a and an adjustment f 
axis alignment, all of which can 
after gyro assembly and while 
undergoing test. These adjustment 
bilities, together with a relatively 
design result in gyros which can 
and calibrated with ease and which 
strate unusual reliability. Ke 
Little Falls, New Jersey. 


Mechanically Actuated Va 


Thermal valves are actuated by & 
tallic disc princple, a new 
actuation for the old problem 

gas or liquid media flow thro 
under varying temperature 
conditions. The over-center force 
in the bimetallic disc mechanic 
or closes an orifice rather than ma 
breaking an electrical circuit. De@ 
upon configuration, valves can 
snap-acting for instantaneous COB 
the media flow or modulating for 8m 
control within a fixed temperature 
New technical bulletin gives ta 
models of various types used : 
tions for aircraft, missiles and o€ 
port equipment. Metals & Controls, 
Texas Instruments Inc., Attleboro, | 


Adhesives and Laminates 


Included in a bulletin is a tem 
chart that indicates the upper 

service limits for each adhesive am 
nating material described. Puttie 
and sandwich core materials are am 
Narmco Resins & Coatings © 
Mesa, Cal. C 
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